WO 03/ 071612 PCT/JP03/ 01261 -1 DESCRI PTION LAYERED Pl EZOELECTRI C ELEMENT
REALI ZI NG STABLE OPERATI NG CHARACTERI STI C FOR Hl GH QUALI TY | MAGE RECORDI NG
5 TECHNI GAlbb oBloEs: The present invention generally rel ates pca/roa@ect
recording, and nore particularly to a | ayered piezoelectric elenent, a

met hod of manufacturing the same, a-Jtezoelectric 10 actuator, a liquid
droplet ejecting head, and an ink-jet recording apparatus. BACKGROUND ART
An ink-jet recordi ng apparatus enpbﬁ ﬁgﬁdﬁwi mage 15 recordi ng apparat us
(an i magi ng apparatus) such as a printer, ” a facsimle machi ne, a copier,

or a plotter includes an ink- jet head as a liquid droplet ejecting head

i ncluding nozzles for ejecting ink droplets, |iquid chanbers (al so
referred to as ink channels, ejection chanbers, pressure chanmbers, 20
pressure |iquid charfFeiEREDoP IRH AT & FrifENE aRENgL 24N STR8LEnozzl es, and
driving parts (pressure generating parts) for pressurizing ink in the

i qui d chaPFBBRATING CHARRMIERISELC EPRCHIGHMBEdSYi AMAGEeRECIRIAMNGe| ect i ng
droplets of a liquid resist and a head ejecting droplets of a DNA sanpl e
in 25 maddition to an ink-jet head, but the follow ng description is WO

03/ 071612 PCT/ JP03/ 01261

TECHNICAL FIELD

The present invention generally relates to image
recording, and more particularly to a layered piezoelectric
element, a method of manufacturing the same, a piezoelectric

10 actuator, a liquid droplet ejecting head, and an ink—jet

recording apparatus.

BACKGROUND ART

An ink-jet recording apparatus employed as an image

15 recording apparatus (an imaging apparatus) such as a printer,
a facsimile machine, a copier, or a plotter includes an ink-
Jjet head as a liquid droplet ejecting head including nozzles
for ejecting ink droplets, liquid chambers (also refeffed to
as ink channels, ejection chambers, pressure chambers,

20 pressure liquid chambers, or channels) communicating with the
nozzles, and driving parts (pressure generating parts) for
pressurizing ink in the liquid chambers. Liquid droplet
ejecting heads include a head ejecting droplets of a liquid
resist and a head ejecting dropiets of a DNA sample in

25 addition to an ink-jet head, but the following description is



-2 given based mainly on the ink-jet head as the liquid droplet ejecting
head. As an ink-jet head, a so-called piezoelectric ink- jet head is well
known. ThwopBezwet ectric ink-jet head 5 enpl oys a pi ezoel @ctrriipes/dely,
particularly a | ayered piezoelectric body of alternate |ayers of

pi ezoel ectric layers and internal €lectrodes, as a pressure generation
part generating pressure for pressurizing ink in a liquid chanber. An

| astical Ly _def e di f or i L f J Liqui d
Chanber i SXHEY o RRa B TR Grea e EmerT b e oot Tb1 b eeFAstr |

elenment in the, d33 direction, so that the volune/pressure inside the

li quid chSABEFTS R¥ffthged, thereby ejecting ink droplets. Japanese
Lai d- Open Patent Application No. 10-286951 15 disc|oses an ink-jet head
usi ng such a | ayer edspidazéeketet ikead| énsercal et P5e3adgcdtiReaBkgrooves
are formed in part of a |layered piezoelectric elenent having an external
el ectrodejetohesed bs weldi wWndwal eTeetpiseslectone $hkejanderdcomon
external electrode formed on the other side, so that a 20 plurality of
driving pampsoydri b iarnels) bade, frimetuibetlyeanlagarst i vi ng parts
formed on both ends. The common el ectrode of the | ayered piezoelectric

el enent extends) ££0M ¢ hgy10R- A L¥ERGEDardy® AN oBObhe 888G B d it {8 adleigCt | ONS
in which "the driving parts are arranged. 25 In recent years, the ink-jet
recordingaggpfﬁgéfﬁﬁfugiectrodes, as a pressure generation part
generating pressure for pressurizing ink in a liquid chamber.
An elastically deformable diaphragm forming a wall face of the
10 liquid chamber is deformed by the displacement of the layered
piezoelectric element in the d33 direction, so that the
volume/pressure inside the liquid chamber is changed, thereby
ejecting ink droplets.
Japanese Laid-Open Patent Application No. 10-286951
15 discloses an ink—-jet head using such a layered piezoelectric
element. In this ink-jet head, grooves are formed in part of
a layered piezoelectric element having an external electrode
formed as individual electrodes on one side and a common
external electrode formed on the other side, so that a
20 plurality of driving parts (driving channels) are formed
between non-driving parts formed on both ends. The common
electrode of the layered piezoelectric element extends from
the non-driving parts on both ends in the directions in which

the driving parts are arranged.

25 In recent years, the ink-jet recording apparatus has



WD 03/071612 PCT/JP03/ 01261 -3 been required to performinage recording
with higher quality at higher speeds. In order to increase recording
speed, thwoomonser of nozzles of a head is increased in tireTIRCHNAEN Y
scanning direction so that a single scan of a carriage in the 5 primary
scanning direction has a larger width-in the secondary scanning direction
in printing. However, in the case of extending the commobn electrode of the
driving parts of the er ez tric_ g i, fro - driving
parts on %ﬁ?ﬁ f%ﬁ%ﬁ‘%%%ﬁaF%gﬁggglgﬁ%ﬁ%f%%@rgghggg?%% %b J£h§%§§?F ed

i nk-jet head, ,when the |ayered piezoelectric elenent.is elongated so as to
i ncrease 2EhBLAFHSPISASr | VRNGEREF t &0 (dGRAESE Eﬁﬁﬂﬁé&%ﬁ %Hﬁegvh%gﬁurpose

of increasing recording speed, the Iength of conduction from the comon

el ect r ode ngxpeRst bomMarElies ChRoA- Bepdi by Pumessedoinsteacte@mdas® dri vi ng
channel s i ncreases as the nunber of driving channels increases. As a
result, tbeanesngtdincetdion shetbetmdnseldet sode pAcaeasesiadearini thearly, in
the case of formng a plurality of driving parts by perform ng half-
cutting oprtihery ayeied Ny eieekechbhi LaelLmeilgert hedungrwomed s2@oneaayyni ng
part serves as the common external electrode, so that the |ong narrow part
i ncreases SLhg {851 &t oof ihhgrigempn el ectrode. The tine constant of a
driving voltage applied to a driving channel in the case of driving al

t he driving

However, in the case of extending the common
electrode of the driving parts of the layered piezoelectric
element from the non-driving parts on both longitudinal ends

10 thereof as in the above-described ink-jet head, when the
layered piezoelectric element is elongated so as to increase
the number of driving parts (driving channels) for the purpose
of increasing recording speed, the length of conduction from
the common electrode extension part; (non-driving parts) to

15 each of the driving channels in;reases as the number‘of
driving channels increases. As a result, the resistance of
the common electrode incréases. Particularly, in the case of
forming a plurality of driving parts by performing half-
cutting on the layered‘piezoelectric element, the ungrooved

20 remaining part serves as the common external electrode, so
that the long narrow part increases the resistance of the
‘common electrode.

The time constant of a driviﬁg voltage applied to a
driving channel in the case of driving all the driving

25 channels is different from that in the case of driving only



25 channels is different fromthat in the case of driving. only WO
03/071612 PCT/JP03/01261 -4 one of the driving channels. The tine constant
of the drwoeim@7rott age i ncreases as the nunber of drivi ngcrhammabel

i ncreases. Further, the degree of such increase becones greater as the
resistance of 5 the common el ectrode4fncreases. Wien the tinme constant of
the driving voltage thus changes, an ink droplet ejection characteristic,

particul ardny Jenkdr@pleiny eeahby s . changes to vary the point of inpact of
an ink droplet. Therefore,” when there is a large difference 10 between the

time constants of t f Qr.egoi_n WO, ca reat de dati.on_is caused in
i mge quality especirﬁz;ﬁ 31?1% Fﬁgs’%ﬁ%%% O%%ﬁ'{)eri%ﬁ ivr.‘iagav‘%’g?ﬁ%elﬁlﬁrteﬁsfeﬁage of
approxi mately 600 dpi. Therefare, in the conventional ink-jet head using a
| ayer ed pidzoBCeBHRPRT e MiViNEhERAIRRLE N GHGISIeem t RREtREHh thes i mage
qual ity cannot be obtained due to the large resistance of the comon

el ect r ode degpeei afl yueh innresgsebetopes ng¥erfexr asi ghedeasistanamge of
approxi mately 600 dpi. DI SCLOSURE OF THE | NVENTI ON 20 Accordingly, it is a
gener ab oljhecicoofoh hel grieselst incheantson to realize inmage recording in

whi ch the above- described di sadvantage is elimnated. A nore specific

obj ect of the presemndnnt@Bt ik@hei Sond il @H dacadlayeied,itggrelagtric
el enent reducing the
changes, an ink droplet ejection characteristic, particularly
ink droplet velocity, changes to vary the point of impact of
an ink droplet. Therefore, when there is a large difference
10 between the time constants of the foregoing two cases, great‘
degradation is caused in image quality especially in the case
of printing a high—density image of approximatel& 600 &pi.
Therefore, in the conventional ink-jet head using a
layered piezoelectric element, there is the problem that high
i5 image quality cannot be obtained due to the large resistance

of the common electrode especially in the case of printing a

high-density image of approximately 600 dpi.

DISCLOSURE OF THE INVENTION

20 Accordingly, it is a general object of the present
invention to realize imageArecording in which the above-
described disadvantage is eliminated.

A more specific object of the present invention is
to provide a layered piezoelectric element reducing the

25 difference between the time constant of a driving voltage in



25 difference between the tine constant of a driving voltage in WO
03/071612 PCT/JP03/01261 -5 the case of driving all channels and that in

t he case wbDo3drievt ng only one channel, and a nethod of mamafTaecoinzélg t he
sanme. Another nore specific object of the present 5 invention is to provide
a piezoelectric actuator having a -stable operating characteristic, a
liquid droplet ejecting head having a stable ejection characteristic, and
an ink-j et ré‘&% dc!ﬁf“%r%%ﬁﬁaéi’f GRRARhe %dh%chq iy %%%% ing. The
above objec?s of the present 1nvention are achieved by a l[ayered

pi ezoel ectrjc, el enent including: a lural ity of driving parts. divided by
gr ooves, ?ﬁéviﬁ?\égig oﬁﬁrFEaP%%*udyﬁgEhFthﬂét8%I%?%Hé9é%”rﬁpngg?ectric

| ayers and internal electrodes; and non-driving parts formed at both ends
of an arr@aym®f the driving parts, the non-driving parts 15 including the
alternate | ayers of the piezoelectric layers and the internal el ectrodes,
wherei n a conmon el dcbtbede mdrda pecdriiei ag] pat tsf itheeprendrtd from t he
non-driving parts, and a capacitance C (F) of each of the driving parts,

t he nwbeingéntidie i e PGoPatd S hicydlactestshaneecdy hSLingetween the non
20 driving parts satistfy R< 8 X 10-6 /n/C. The above-described | ayered

pi ezoel ecttig) &l SimNL i nsAthath Ot tiNG 1@XPLe$HANG Rirodl et H=BARLE.

Therefore, the ifference in its operating characteristi¢ between the case
of

head having a stable ejeétion characteristic, and an ink—-jet
recording apparatus capable of high-quality recording.

Thé above objects of the present invention are

10 achieved by a layered plezoelectric element including: a
plurality of driving parts divided by grooves, the driving
parts including alternété layers of plezoelectric layers and
internal eiectrodes; and non—-driving parts formed at both ends
of an array of the driving parts, the non-driving parts

15 including the alternate layers of the piezoelectric layers and
the internal electrodes, wherein a common electiode of the
driving parts is extended from the non—driyihg parts, and a
capacitance C (F) of each of the driving parts, the number of
the driving parts n, and a resistance R () between the non-

20 driving parts satisfy R £ 8 X 107%/n/C.

The above—-described layered piezoelectric element
satisfies the expression R £ 8 X 107°/n/C. Therefore, the
difference in its operating characteristic between the case of
driving all channels and the case of driving one channel is

25 reduced.



driving all.channels and the case. of driving one channel is 25 reduced. WO
03/071612 PCT/JP03/01261 -6 The above objects of the present invention are
al so achwewsa7tsy2 a | ayered pi ezoel ectric el enent includi mgT/JRo3/@bker al ity

of driving parts divided by grooves., the driving parts including
alternate | ayers of piezoelectric |-&ers and 5 internal el ectrodes;
non-driving parts forned at both ends of an array of the driving parts,

t he non-driving par i ncl udi ng.  the al r .1 he_ pi ectric
|l ayers and the int@ﬁﬁagb%Y%cqgﬁagg;Ogngﬁégg%% %f%ﬁfﬁgﬁéé%$0%€%?%§§1
conduction connected to a commpn external electrode of fhe driving parts
10 and undFRARNSE BY thedYrbBJeRICATERETR1S EORMDRT et ‘F%ﬂ@'o? the driving
parts is extended fromthe non-driving parts. The above-described |ayered
pi ezoel ecpticaleltemedt drivindesarte dividedabyetEeeyede sy dEaMdbEt i on
connected to the common external electrode of the driving parts. Therefore,
15 t he copapis elredivdide reseshtabeeldyerdecfensedoebectiat lielyersdahdier ence in
its operating characteristic between the case of driving all channels and

the case ofr&rdan r&&%o@leganﬁbni&r_wieigug;@@ltsThsr@&@vat aljreckadsf ot he
present invention are also 20 achieved by a | ayered piezoel ectric el ement

i ncludi ng.,a, plpral iy, gt dELyingRar ke edhyhdad; Pyngroomes inkhgadhd vi ng
parts i ncl U I'ng alternate ﬁayegs of piezoelectric |ayers and
the alternate layers of the piezoelectric layers and the
internal electrodes; and an internal electrode for conduction
connected to a common external electrode of the driving pérts
10 and undivided by the grooves, wherein a common electrode of
the driving parts is extended from the non-driving parts.
The above-described layered piezoelectric element
includes the intérnal electrode for conduction connected to
the common external electrode of the driving parts. Therefore,
15 the common electrode resistance is decreased, so that the
difference in its operating characteristic between the case of
driving all channels and the case of driving one channel is
reduced.
The above objects of the present invention are also
20 achieved by a layered piezoelectric élement including: a
plurality of driving parts divided by grooves, the driving
parts including alternate layers of piezoelectric layers gnd
internal electrodes; non-driving parts formed at both ends of
an array of the driving parts, the non-driving parts including

25 the alternate layers of the piezoelectric layers and the



internal electrodes; non-driving parts fornmed at both ends of an array of
the driving parts, the non-driving parts including 25 the alternate |ayers
of the piwpealewtzic | ayers and the WO 03/071612 PCT/ JPO3/PQTRBA3/01241
internal electrodes; and an external electrode for conduction connected to
a common external electrode of the diHving parts, the external electrode
for conduction being formed on a surface of the |ayered piezoelectric |ayer

which surface_is undi vi ded_by the grooves, ;wherei co . ectrode of
the.ari viRGopaTt SY LRl ERGCH T B RN B TR Dt CRRote6
above-descri bed | ayered piezoelectric elenent . includes the external

el ect r odeCPBRECHIG PoROPBRRRY ERIFRD! (HETERABNCExERt M1 vedPEcPPEtR of t he

driving parts. Therefore, 10 the conmopn el ectrode resistance is decreased,
so that thbe ektdmradnedechrpdes bpereandusidioar Reirgi Sefneebheainnéen the case of
driving all, channels and the case of driving one channel is reduced. The
above obj sutsacé dheher éagntednybmtdalecimd callager Ibhachiewddcey ia nmet hod of
manuf acturing a | ayered piezoelectric elenent including a plurality of

driving panlisvdiad dsd thy greeves, wodrdin W Rgmpant s1éef kit atr path ends of
an array of the driving parts, and an internal electrode for conduction

connect daf Sufnd IIRA. X! eLishash eEHERUBLLoHIE-dy iy neb R LS 20 and

undi vi ded grooves, the driving parts an e hon- driving parts

i ncl uding alternateThgygﬁgvéidégé%gﬂgdei%§ggéd piezoelectric element

includes the external electrode for conduction connected to
the common external electrode of the driving parts. Therefore,
10 the common electrode resistance is decreased, so that the
difference in its operating characteristic between the case of
driving all,chanﬁels and the case of driving one channel is
reduced.
The above objeéts of the present invention are also
15 achieved by a method of manufacturing a layered piezoelectric
element including a plurality of driving parts divided by
grooves, non—driﬁing parts formed at both ends of an array of
the driving parts, and an internal electrode for conduction
connected to a common external electrode of the driving parts
20 and undivided by the grooves, the driving parts and the non-
driving parts including alternate iayers of piezoelectric.
layers and intermal eiectrodes, the driving pa;ts having a
common electrode extended from the non-driving parts, the
method including the steps of (a) fixing a member including a

25 dummy part to a base, the dummy part being formed of a



| ayers and internal electrodes, the driving parts having a common

el ectrode extended fromthe non-driving parts, the nethod including the

steps of wa@psbiwing a nmenber including a 25 dunmy part toP&TBREX1261he dunmy

part being fornmed of a WD 03/071612 PCT/JP03/01261
to have a shape substantially synmet8- cal

internal electrodes of the alternate layers in a direction in which the

alternate_l a

nmenber .

ccor apbove-daescri

o 5 e, R PO B Y By fom

pi ezoel ectric el ement_of the present jnvention_can b actured
BFER9RS frod

sui tably
are al so

fPt A SHIRFRed FEPPP The o hirdcfie

fit i nvention
achi eved by a piezoel ectric actuator including a novable part

-8 piezoelectric |ayer
to a shape of a group of the

10

and a | ayeteerpies delvedsr ile @l @eedtiget dinivhig chheheroddifireaar Layehe | ayer ed

pi ezoel ectric elenment including: a plurality of driving parts divided by

grooves, the foimedyg grar t(b) i nehordimy thal tdermat pakayeran dthepmembetrectric

| ayers and internal electrodes; and non-driving parts formed at both ends

of ansl5 array of thecdeivhdorPaities adoe-aeBcdibad ng:tpait, Sthaclagkigd t he

alternate layers of the piezoelectric layers and the internal electrodes,
wher ei n apQQE'S'QIIec%ﬁ‘E '9dReRE LPeril 'ﬁ&lé%ntpé%ﬁrént@or?)@a%ﬁ%d fromthe

non-driving parts, and a capacitance C (F) of
t he nunber _of 20 the, dri. Eﬂgypx,?{%r? ap,re%%e% I;Ng§b§tance R (92) between the

non-

10

15

20

25

hafissctudSa Fuli¥

The above objects of the present invention are also
achieved by a pilezoelectric actuator including a movable part
and a layered piezoelectric element deforming the movable part,
the layered piezoelectric element including: a plurality of
driving parts divided by grooves, the driving parts including
alternate layers of piezoelectric layers and internal
electrodes; and non-driving parts formed at both ends of an
array of the driving parts, the non-driving parts including
the alternate layers of the piezoelectric layers and the
internal electrodes, wherein a common electrode of the driving
parts is extended from the non-driving parts, and a
capacitance C (F) of each of the driving parts, the number of
the driving parts n, and a resistanée R () between thé non-
driving parts satisfy R < 8 X 107°/n/C.

The above objects of the present invention are also
achieved by a piezoelectric actuator including a movable part .
and a layered piezoelectric element deforming the movable part,

the layered piezoelectric element including: a plurality of

each of _the driving parts,



driving parts satisfy R- 8 X 10-6 /n/C. The above objects of the present
invention are also achieved by a piezoelectric actuator including a
novabl e paoto3/7mmz a | ayered piezoel ectric el enent def or mprag/Jpbeoicey abl e
part, 25 the |ayered piezoelectric element including: a plurality of WO
03/071612 PCT/JP03/01261 -9 drivingparts divided by grooves, the driving
parts i ncl uding alternate | ayers of piezoelectric |ayers and internal

electrode§. non dr|V|n 6f§'gornq%ngt bq:h rd% of an arra ug th
driving pSFt&r® g parts 1nel uding tHa g BRIt et nace grs of

t he plezoelectrlc ayers and the internal _ el ectrodes; and an |nternal

el ect r ode 2t 6FTRB B UL 7E %nﬁé@?%ﬁlecf%mé: JGHP5R eRfletREE T ect rode of the
driving parts and undivided by the grooves, wherein a comon el ectrode of
the drivieAgcpaedses| snaxtdatigadaf ports heomme dvti oty pads f 2@ Fhoambove
objects of the present invention are also achieved by a piezoelectric

act uat or bificthdi agiaimpysite , pané nameiaitiayepedtpl ezerldiaty itheel enment
deform ng the novable part, the |ayered piezoelectric element including: a

pluralstyaoterfatdi My oF dh¥i geshoyn Haavesaykhe ghd W iRaet-gaincl udi ng
15 alternate | ayers of plezoelectrlc | ayers and internal el ectrodes;

non-dr i vi BgepALL 3L OraIRd Al JhoLh, ends Ale AL, ?ycoﬁ'&ué% Rforhag.nr t s,

the non-driving parts including t ternate [ayers o € pl ezoe ectric

Lg%gfjit ?ggoégﬁ%g@%@% nea}iterna?.Ct Egggzrsdde % %@xee E:?.{fggclg par Ct " O%e for

undivided by the grooves, wherein a common electrode of the
driving parts is extended from the non-driving parts.

10 The above objects of. the present invenﬁion are also
achieved by a piezoelectric actuator including a movable part
and a layered piezoelectric element deforming the movable part,
the layered pilezoelectric element including: a plurality of
driving parts divided by grooves, the driving parts including

15 alternate layers of piezoelectric layers and iﬁternal
electrodes; non-driving parts formed at both ends of an array
of the driving parts, the non-driving parts including the
alternate layers of the piezoelectric layers and the internal
electrodes; and an external electrode for conduction connected

20 to a common external electrode of thg driving parts, the
external electrode for conduction be;ng formed on a surface of
the layered piezoelectric layer which surface is undivided by
the grooves, wherein a common electrode of the driving parts
is extended from the non—driving parts.

25 The above-described piezoelectric actuators each



20 to a common external electrode of the driving parts, the external

el ectrode for conduction being formed on. a surface of the |ayered

pi ezoel ecwpoiog/ormyer whi ch surface is undivided by the gr®ecTge)3/mer ei n
a' common el ectrode of the driving parts is extended fromthe non-driving
parts. 25 The above-described piezoel@ctric actuators each WO 03/071612
PCT/ JP03/ 01261 -10 include the | ayered piezoelectric elenent of the

present imanideonndei 95&E 09 ﬁi@%o@gépkgc p@fémen@%gfft%e%rég{ntabove‘

descri bed piezoelectric actuators can obtain a stable “operating

char act eri;st i.t.h riati 5 The ahove qbjects of .the present
inventionJ§$§&§%§% dég #@@gﬁ%%f ggyggh?dp%?%pl§$E§F§8%an§%%éﬂ“?ﬁ%1uding a
piezoelec%gjc agt at or gressunizin a liquid chamber conmunicating with a
nozzl e so %88 T e[ eRtCAT I Td CdRGPPRECTT reth (348221 Btaklre pi ezoel ectri ¢
actuator including a 10 | ayered piezoel ectric elenent, the |ayered

pi ezoel ectoPeEatérgnehrraciednigitig: wathl vedudad vefridtivnng parts divi ded by
grooves, the driving parts including alternate |ayers of piezoelectric

| ayer sSand i nt er nal Bleabovdesh]anick noh tihel yiregenpat isedioioredrat abgsh ends
of an array of the driving parts, 15 the non-driving parts including the

al t er nat e akayersdoby thel i piiez aebprét i &jdavieis nedd theliaies nal el ectrodes,
wherein a conmon el ectrode of the driving parts is extended fromthe

non-drivi pgepael SctAE A1GARAET HABESG Ay &f 1886RGOLniNS

communicating with a nozzle so as to eject a liquid droplet
from the nozzle, the piezoelectric actuator including a

10 layered piezoelectric element, the layered piezoelectric
element including: a plurality of driving parts divided by
grooves, the driving parts including alternate layers of
piezoelectric layers and internal electrodes; and non-driving
parts formed at both ends of an array of the driving parts,

15 the‘non—driving parts including the alternate layers of the
piezoelectric layers aﬁd the internal electrodes, wherein a
common electrode of the driving parts is extended from the
non-driving parts, and a capacitance C (F) of each of the
driving parts, the number of the driving parts n, and a

20 resistance R () between the non—-driving parts satisfy R < 8'X
107%/n/cC.

The above objects of the present invention are also
achieved by a liquid droplet ejecting head including a
piezoelectric actuator pressurizing a liquid chamber

25 communicating with a nozzle so as to eject a liquid droplet



driving parts, the nunber of the driving parts n, and a 20 resistance R
(91) between the non-driving parts satisfy R< 8 X 10-6/n/C . The above
obj ects oWotohm7present invention are also achieved by a [PCquPe/drepl et
ej ecting head including a piezoelectric actuator pressurizing a |liquid
chanber 25 communicating with a nozzle-so as to eject a liquid droplet WO
03/071612 PCT/JP03/01261 -11 fromthe nozzle, the piezoelectric actuator

03/ 071612 PCT 61 -11 fr: oz ectric ac
cl amont || ACPBAr A e Bl AT SF R TG, S Te v Bea By o ooves, i he

drivi ts_includi |t I f. 5 pi lectric 1. d
Nt er nal - GPYCE PGB EHDRIGPT1 RUSTBAT ¢ STOrASATEE. BOPFOBIRIOR an array of

t he driving parts, the non-driving.garts conprising the alternate | ayers
of the prégBeREctFidiager§ RAUTRRELY MfedralvispeRRFbledividRe &Y internal
el ectrode for conduction connected to a common 10 external electrode of the
driving parpsvasd thelidviigedgbpatrhe iggbolies, aMierasthealzwemomfel ect r ode of
the driving parts is extended fromthe non-driving parts. The above

obj ect® obitheepsestind liayeest kAl MBS0 clachireded; byom-ditigting dr opl et

ej ecting head including a 15 piezoelectric actuator pressurizing a liquid

chanber gamHNECAdNGMIRNANOZZE S0 ASa008) €8E arldd ddraplet  from
the nozzle, the piezoelectric actuator including a

the non-driving parts comprising the alternate layers of the
piezoelectric layers and the internal electrodes; and an
internal electrode for conduction connected to a common

10 external electrode of the driying parts and undivided by the
grooves, wherein a common electrode of the driving parts is
extended from the non-driving parts.

The above objects of the present invention are also

achieved by a ligquid droplet ejecting head including a

15 ©piezoelectric actuator pressurizing a liquid chamber
communicating with a nozzle so as to eject a liquid droplet
from the nozzle, the piezoelectric actuator including a
layered pilezoelectric element, the layered piezoelectric
element including: a pluraiity of driving parts divided by

20 grooves, the driving parts comprising alternate layers of.
plezoelectric layers and internal electrodes; non-driving
parts formed at both ends of an array of the driving parts,
the non-driving parts including the alternate layers of the -
piezoelectric layers and the internal electrodes; and an

25 external electrode for conduction connected to a common



| ayered pi ezoelectric elenent, the | ayered piezoelectric elenent

including: a plurality of driving parts divided by 20 grooves, the driving
parts conmppoicgiongial ternate | ayers of. piezoel ectric | ayersTara/iinéier nal

el ectrodes; non-driving parts forned at both ends of an array of the
driving parts, the non-driving parts24 ncluding the alternate |ayers of the
pi ezoel ectric layers and the internal electrodes; and an 25 external

el ectrode for_ conduction connected.to a co n 03/071612 PCT/ JP03/ 01261
-12 ext er fidFSE} Qt%iﬁﬁ?%?ﬁetﬂg ??v??ifkﬁﬁtQirEFhX%%§t%§$ﬁﬁn5%electrode f or
conduction _being formed on a surface of the _|ayered ric |layer

' { i ezoel ect
whi ch sur PABELTRARIneR % ico8dUBY1 PR P D RIS ARET 8i ﬁuﬁg%‘iﬁnﬁ% & ect r ode of

the driving parts is 5 extended fromthe non-driving parts. The

above- desé¢rivbeed | pirdakldcopliet layertwnictheaddaceath wmdividied ey the

pi ezoel ectric actuator of the present invention pressurizing |iquid inside
t he |i qui grebasbervherBier af avenot hel ebiovetcdescthbedriving cadrtepliet ej ecti ng
heads 10 can obtain a stable operating characteristic with reduced

vari atd onc§@eAged Or R GRRARLA-QFiPeKd Q¥d¥mg i mage recording with high
quality. The above objects of the present invention are also achieved by

an ink-jet recordin p us. 4 nel-udg R4 pK- ] I i ng an
i nk droplet, the in%?%eggﬁg%g§?%c d%%%gggﬁﬁgegg%?%%iFﬁ%¥§§% aggg&g °

pressurlZggghaiééfﬁgéjéﬁ%aggggoelectric actuator of the present

invention pressurizing liquid inside the liquid chamber.
Therefore, the above—described liquid droplet ejecting heads

10 can obtain a stable operating characteristic with reduced
variation so as to be capable of performing image recording
with high quality.

The above objects of the present invention are also

achieved by an ink-jet recording apparatus including an ink-

15 Jjet head ejecting an ink droplet, the ink-jet head including a
piezoelectric actuator pressurizing a liquid chamber
communicating with a nozzle so as to eject the ink droplet
from the nozzle, the piezoelectric actuator including a
layered piezoelectric element, the layered piezoelectric

20 element including: a plurality of driving parts divided by
grooves, the driving parts including alternate layers of
pilezoelectric layers and internal electrodes; and non-driving
parts formed at béth ends of an array of the driving parts,
the non-driving parts including the alternate layérs of the

25 piezoeléctric layers and the internal electrodes, wherein a



comuni cating with a nozzle so as to eject the ink droplet fromthe
nozzl e, the piezoelectric actuator including a |ayered piezoelectric

el enent, wbasloanser ed pi ezoel ectric 20 el enent including: . 2Ccplieeaiizéty of
driving parts divided by grooves, the driving parts including alternate
| ayers of piezoelectric |layers and-iiBternal el ectrodes; and non-driving
parts formed at both ends of an array of the driving parts, the

non-drivin rts.i ing-the alternate |l ayers of the 2 i ezoel ectric

| ayers an Hﬁgni%%ggﬁgggél%%f@gﬁgg?vﬁﬂgr%?ﬁé%'Vﬁ)?fﬁﬁﬁgfglgré%ﬁy 03/ 01261
-13 common el ectrode of .the driving parts is extended fromthe non-driving
parts, and R CXpAcPPaRRELY (399 Gf CEREALBANEREL Wi WinG2Fhr 5, t%he nunber of
the driving parts n, and a resistance R (SL) between the non-driving parts
sati sfy R&igixg parpse/ e nunisy gqfovhe obfEcing afaxttse npr @8@ret i nventi on
are also achieved by an ink-jet recording apparatus including an ink- jet
head ej ectdasg saantBkRA(QpP| BELwédie HHK noat-dReadnd ned il RGitasFPi RZzoed ectric
actuator pressurizing a liquid chanber 10 communicating with a nozzle so as
to ejeet tihebimpc droplet fromthe nozzle, the piezoelectric actuator
including a |ayered piezoelectric elenment, the |ayered piezoelectric

G o part o) nc o P Mk R AR O R00ERe
i nternal %k E%%8898§ Q rﬁﬁﬁifgguiecording apparatus including an ink-
jet head ejecting an ink droplet, the ink-jet head including a
pilezoelectric actuator pressurizing a liquid chamber |
10 communicating with a ndézle so as to eject the ink dropiet
from.the nozzle, the piezoelectric actuator including a
layered piezoelectric element, the layered piezoelectric
element including: a plurality of driving parts divided by
grooves, the driving parts including alternate layers of
15 piezoelectric layers and internal electrodes; non-driving
parts formed at both ends of an array of fhe dri&ing parts,
the non-driving parts including the alternate ;ayers of the
piezoelectric léyers and the intermnal electrodes; and an
internal elect?ode for conduction connected to a common
20 external electrode of the driving parts and undivided by the
grooves, wherein a common electrode of the driving parts is
extended from the non-driving barts.
The above objects of the present invention are also
achieved by an ink-jet recording apparatus including an ink-

25 jet head ejecting an ink droplet, the ink-jet head including a



parts forned at both ends of an array of the driving parts, the
non-driving parts including the alternate |ayers of the piezoelectric

| ayer s armaotod@7iom er nal el ectrodes; and an internal el ectPcadeodarel
conduction connected to a common 20 external electrode of the driving parts
and undi vi ded by the grooves, whereilA-a comopn el ectrode of the driving
parts is extended fromthe non-driving parts. The above objects of the

resent inw i i i nk-.j.et rdi ng appar at us
PncludingQgﬁﬂ%ﬁﬁgcggf?g%ﬁﬁgggﬁgkg%ggﬁgyéﬁgqﬁ%¥d¥%bfé§%8?ge ?nkPFet head
including a WO 03/ 071612, PCT/JP03/01261 -14 piezoelectrjc_actuator
pressurigf?%?@%?lFﬁgl%%éW&ﬁﬁ a ESﬁﬁﬁﬁiéat?ﬁgt%M%i?Q} %g?zFEks@F%EQ%WJ ej ect the

ink droplet fromthe nozzle, the piezoelectric actuator including a

| ayered pifeaBelt8et RPez Lt enfdift Piereclageriel grterderedneieding ¢ enent
including: a plurality of driving parts divided by grooves, the driving
parts i ncllgdiergdabieromtectimyerd eobntpi tzoelastnedc playeeseandid nt er nal

el ectrodes; non-driving parts forned at both ends of an array of the

driving paliefentt hecnemidyi \d pupaltsyi ol udivigg perakt eipad&l gyers of the
10 piezoelectric layers and the internal electrodes; and an external

el ectrode f1Qvenduicd | @ LoRNeGt-ed t AcREONRN tXheENaLy 8L eci# ode of the
driving parts, the external ~ el ectrode for conduction belng forned on a

tsﬁgf ace Ofpiter}%e.l!e@iYJ.e{c,edlag}ee.tzsogln@lcEﬁicgrrllgyeéflevc\@r%laeggr %gﬁgdzi:fvi%%di vided by

parts formed at both ends of an array of the driving parts,
the non—-driving parts includiﬁg the alternate layers of the

10 piezoelectric layers and the internal electrodes; and an
external electrode for conduction connected to a common
external electrode of the driving parts, the external
electrode for conduction being formed on a surface of the
layered piezoelectric layer which surface is undivided by the

15 grooves, wherein a common electrode of the driving parts is
extended from the non-driving parts.

The above-described ink-jet recording apparatuses
each include the liquid (ink) droplet ejecting head of the
present invention. Therefore, the above—described ink—-jet

20 recording apparatuses can perform stable image recording with
high quality. |

The above objects of the present invention are
further achieved by an ink-jet recording apparatus including
an‘ink—jet head, the ink—-jet head including a layered

25 piezoelectric element pressurizing a liquid chamber so as to



15 grooves, wherein a conmon el ectrode of the driving parts is extended
fromthe non-driving parts. The above-described ink-jet recording

appar at uswe 03@awh2 i ncl ude the liquid (ink) droplet ejecti mgTheesiedl t he
present invention. Therefore, the above-described ink-jet 20 recording
appar atuses can perform stable i magedi-ecording wwth high quality. The
above objects of the present invention are further achieved by an ink-jet

recording_a rat us ,i ncludi ng,. an ink-j h j nk- j-et d including
a Iayerede%gggi%%d%P%CIPP eg|5%%%?ﬁ%$%sgﬁfigsﬁar%&ﬁ?%ﬁ%§?§§%§%§§r so as to
WO 03/071612 PCT/JP03/01261 -15 eject an ink,droplet therefro t he
| ayer ed p?é?%%FEC%WQLFdlégénénPl?¥Ri%Rﬁrﬂf d&lﬁ%ﬁ?3¥?{§s l%ﬁq69ig% parts

di vided by grooves, the driving parts- including alternate | ayers of

pi ezoel ecorpeveay ey srdviingepants eledinddaes al apanaon-drvsksngfs parts
formed at both ends of an array of the driving parts, the non-driving
parts i ncpudtagl édierial tleypateahdyerisswiall kéecpredes} exid iron-dyévsnand t he
internal electrodes, wherein a comon el ectrode of the driving parts is

extended fgo0%t AermdtORtdbb¥hNend@ards,an alndag OEf fi0s ener hef peensa tine
constant of 10 a driving voltage applied to the |ayered piezoelectric

el ement 18,558 Qs o '@ékgg ?ﬂé]ﬁg{j]rkfech@r Lytognpes ts.and 3¢t ke constant

of a driving voltage applied to t ayered piezoelectric elenent in a

case of d%kg%gglég%%fg fég%rgréxér%%e internal electrodes, wherein a

common electrode of the driving parts is extended from the
non—driving parts, and a difference between a time constant of

10 a driving voltage applied to the layered piezoelectric element
in a case of driving all of the driving parts and a time
constant of a driving voltage applied to the layered
piezoelectric element in a case of driving one of the driving
parts is smaller than or equal to 2 Usec.

15 The above-described iﬁk—jet recording apparatus also
reduces the difference in its droplet ejection characteristics
between the case of driving all channels and the case of
driving one channel so as to be capable of performing image
recording with high quality.

20

BRIEF DESCRIPTION OF THE DRAWINGS

Other objects, features and advantages of the
present invention will become more apparent from the following
detailed description when read in conjunction with the

25 accompanying drawings, in which:



parts is smaller than or equal to 2 sec. 15 The above-descri bed ink-jet
recordi ng apparatus also reduces the difference in its droplet ejection
char act erwetismsiecibet ween t he case of driving all channel s pardproira2¢ciase of
driving one channel so as to be capable of performng image recording with
hi gh quality. 20 BRI EF DESCRI PTI ON-Of6-THE DRAW NGS O her objects, features
and advantages of the present invention will becone nore apparent fromthe

following detailed scription en _read.in conjunctian wth.t 25
acconpanyi ng dramﬁnégg‘i% 5@n%nﬁégkb° ﬁ0718ﬁ2°€6#7fﬁ%ﬁpﬁfgkiad-ggk?ﬂ(i 1is
a sectional view of an ink-jet head taken along directions in which a
pressure PLOEY CERGEIONSt RBr BBECh Sk IRHFFSULCCOLERRY TP rr8er8Rbodi nent of
the present invention; 5 FIG 2 is a sectional view of a |ayered

pi ezoel eceriends expanrdéfagt he &nkiyzt dwbedlisent| of the akeasendl ong directions
perpendicular to the directions in which the, pressure |iquid chanber

ext ends agaoegihgnto the first enbodi ment of the present invention; 10
FIG 3 is a sectional view of a driving part of the |ayered piezoelectric

elemery of the ink-jret hgads of fdBicdall aken & apAdREd ne A-A
piezoelectric element of the ink-jet head of FIG. 1 taken
along directions perpendicular to the directions in which the
pressure liéuid chamber extends according to the first
embodiment of the present invention;

10 FIG. 3 is a sectionél view of a driving part of the
layered piezoelectric element of the ink—-jet head of FIG. 2
taken along the line A-A;

FIG. 4 is a sectional view of a non-driving part of
the layered piezoelectric element of the ink-jet head of FIG.

15 2 taken along the line B-B;

FIGS. 5A and 5B are plan views of internal electrode
patterns of the layered piezoelectric element of the ink-jet
head before processing according to the first embodiment of
the present invention;

20 FIG. 6 is a perspective view of the layered'
piezoelectric element of the ink-jet head taken from the
common electrode side according to the first embodiment of the
present invention;

FIG. 7 is a perspective view of the layered

25 piezoelectric element of the ink-jet head taken from the



FIG 4 is a sectional view of a non-driving part of the |ayered

pi ezoel ectric elenment of the ink-jet head of FIG 15 2 taken al ong the

| i ne B- B;wBlo@87165A and 5B are plan views of internal el ectcadeos/past erns of
the | ayered piezoelectric elenment of the ink-jet head before processing
according to the first enbodi nent ofL7-t he present invention; 20 FIG 6 is a
perspective view of the |ayered piezoelectric elenment of the ink-jet head
taken fromthe .cammn el ectrode side according to.the first.enbodi pent of
OARARSURSNCER ik S R Rt R B e R i i A

pi ezoel ectric el enment of the ink-jet head taken fromthe WO 03/071612

PCT/ JP03/ Bhio@aresent iiagiepitdeal el ectrode side according to the first

enbodi ment of the present invention; FIG 8 is a diagramshowing a circuit
equi valent to an eF&6trBcas xidicgivern sbavanyi ¥i Gigravdrebdrhv ket atd ng part
5 to the | ayered piezoelectric elenent of the ink-jet head according to the
first enbedi ebdtifcadlheipeasentrom\entdionng hGefOrm syenatiaagngnpshow ng a
sinplified version of the equivalent circuit of FIG 8 according to the
first s e”Pthﬁ@rﬂa&/@rédh%iﬁ&éé%ﬁtﬂi@/%l@n@ﬂft 40 EhG 140 jet @egpaph for
illustrating the difference between the tinme constant of a diving voltage

in the Caé@c&%ding to the first embodiment of the present invention;

FIG. 9 is a diagram showing a simplified.version of
the equivalent circuit of FIG. 8 according to the first
embodiment of the present invention;

10 FIG. 10 is a graph for illustrating the difference
between the time constant of a diving voltage in the case of
driving all channels and that in the case of driving one
channel according to the first embodiment of the present
invention;

15 FIG. 11 is a graph for illustrating a relationship
between the rise time of the driving voltage and droplet
ejection speed‘according to the first embodiment of the
present invention;

FIG. 12 is a sectional view of the layered

20 piezoelectric element of an ink-jet head taken along
directions in which a pressure liquid chamber thereof extends
according to a second embédiment of the present invention;

FIG. 13 is a sectional view of the layered
piezoelectric eleﬁent of the ink-jet head of FIG. 12 taken

25 along directions perpendicular to the directions in which the



driving all channels and that in the case of driving one channel according
to the first enbodinent of the present invention; 15 FIG 11 is a graph
for illuswoaBiompia rel ati onship between the rise tine of pCTgPAIRZéINg

vol tage and droplet ejection speed according to the first enbodi nent of
the present invention; FIG 12 is aigectional view of the |ayered 20

pi ezoel ectric elenent of an ink-jet head taken along directions in which a

pressure |iquid chamber. thereof extends according.to second, enbodi nent of
Phe” pr ecemEar Bt ToRL (qTanbrs FEEEREs S sk she T ey or od

pi ezoel ectric element of the ink-jet head of FIG 12 taken 25 al ong

di r ect i on$THeryBAYF U e PLEFETE FRERFOHE i n which the WD 03/071612

PCT/ JP03/ 01261 -18 pressure |iquid chanber extends according to the second
enbodi nent of the prEE$entl4i Ageat Pban R of4apsintpteal \dlegtgpbdan i nt er nal
el ectrode pattern for conduction of the | ayered piezoelectric elenent 5

accordi ngphatbhe secathdmiddnmeit thé ldeefprdsdrtzoehvetntionleneh@ 15 is a
sectional view of the |ayered piezoelectric elenent of an ink-jet head

taken gl oRgcodiiRGtEONHd Ratdinah cALOH BRI & 4 kald drebanberndhrrieal, extends
according to a third enbodi nent of the present invention; 10 FIG 16 is a

plan view of an int%ﬁﬁﬁl1%|§§téog§btional view of the layered

piezoelectric element of an ink—jet head taken along
directions in which‘a pressure liquid chamber thereof extends
according to a third embodiment of the present invention;

10 FIG. 16 is a plan view of an internal electrode
pattern for conduction of the layered plezoelectric element
‘according to the third embodiment of the present invention;

FIG. 17 is a sectional view of the layered
piezoelectric element of an ink—jet head taken along

15 directions in which a pressure liquid chamber thereof extends
according to a fourth embodiment of the present invention;

FIG. 18 is a sectional view of an unprocessed
layered piezoelectric element to beyprocessed into the layered
piezoelectric element of aﬁ ink-jet head for illustrating a

20 method of manufacturing the layered piezoelectric element
according to a fifth embodiment of the present invention;

FIG. 19 is a sectional view of the unprocessed
layered piezoelectric element for illustratiﬁg a method of
manufacturing the layered piezoeleétric element according to a

25 sixth embodiment of the present invention;



pattern for conduction of the |ayered piezoelectric elenment according to
the third enbodi nent of the present invention; FIG 17 is a sectional view
of the | ayeroa@d7wirzoel ectric el enent of an ink-jet head takenpred/angn 15
directions in which a pressure liquid chanber thereof extends according to
a fourth enbodi nent of the present divention; FIG 18 is a sectional view
of an unprocessed | ayered piezoelectric elenent to be processed into the

| d piezoel ecty] ent_of an ink-jet head.for illustrati 20
ot hod of " manuf act uF Fig 1001 & GFEa PP oETBET ¢ BRERCCSAERbr Ui ng Lo a

fifth enbodi ment of the present invention, FIG 19 is a sectional view of
t he unproteseesrf Irdpepredepterdctdtanitc foredbhrstmRting dsMeabPPAgea net hod of
manuf acturing the | ayered piezoelectric elenment according to a 25 sixth
enbodi mrenhandf4dimmpngsehe layerntd qr;e2W01@81£07¢ 64 ekl Je08L01261to -9 FI G
20 is a sectional view of the unprocessed |ayered piezoelectric el enent

for illusgeadhity enpaathedtobr trnufaeidnti agveheidmyered pi ezoel ectric
el enent according to a seventh enbodi nent of the present invention; 5

FIGS. 21A and. 21B apecdi agiangd ong bhushiiabing anr ehfigst-produced by the
manuf acturi ng nmet hod according to the seventh enbodi nent of the present

rvert) o LS R B Tk e A Ao RO ek ©
seventh embodiment of the present invention;

FIG. 22 is a sectional view of the layered
piezoelectric element of an ink-jet head taken along

10 directions in which a pressure liquid chamber thereof extends
according to an eighth embodiment of the present invention;

FIG. 23 is a sectional view of an ink—jet head taken
along directions in which a pressure liquid chamber thereof
extends according to a ninth embodiment of the present

15 invention;

FIG. 24 is a perspective view of an ink-jet
recording apparatus according to the ninth embodiment bf the
preéent invention; and

FIG. 25 is a side view of the ink-jet recording

20 apparatus of FIG. 24 showing a mechanism part thereof

according to the ninth embodiment of the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

A description will now be given, with reference to

25 the accompanying drawings, of embodiments of the present



10 directions in which a pressure liquid chanber thereof extends according
to an ei ghth enbodi nent of the present invention; FIG 23 is a sectional

vi ew of awoioak7ieer head taken along directions in which aparaseuriest i qui d
chanmber thereof extends according to a ninth enbodi nent of the present 15
invention; FIG 24 is a perspective-¥0ew of an ink-jet recording apparatus
according to the ninth enbodi nent of the present invention; and FIG 25 is
a side vigqy.of,thg ink-jet recording 20 apparatus of FIG 24 showi ng a
mechani sm part thereof according to the.ninth enbodi ment of the present

i nvention. BEST NCDEﬁ§§B CﬁgR INGt THE | NVENTI ON A description will now
be given, with refer G §MO9FPHE beconpanyi ng drawi ngs, of embodi ment s
of the present WO 03/071612 PCT/JP03/01261 -20- invention. [First
embodi ment] First, &deSor Ppeedariwtioharidilyer, giwen. reftdy asdereneerl G 1,
of an ink-jet head as a liquid droplet ejecting 5 head according to a first
enbodi nenttoofIthelprefem inkventi bead &8 G lliqusdadseptéeonajeotiienmy of the
ink-jet head taken along the directions in which the pressure |iquid
chambes 6 hicher eatoréxti@ngets a Fhestnémpedihgad dmehedpsegephannrintsyhstrat e
FIG. 1 is a sectional view of the ink-jet head taken along the
directions in which the pressure liquid chamber 6 thereof
extends.
The ink-jet head includes a channel substrate
10 (lLiquid chamber substrate) 1 formed of a single-crystal
silicon substrate, a diaphragm 2 joined to the lower face of
the channel substrate 1, and a nozzle plate 3 joined to the
upper face of the channel substrate 1, thereby forming the
pressure liquid chambers 6 and a common liquid chamber 8. The
15 pressure liquid chambers 6 are channels (ink liquid chambers)
with which nozzles 5 ejecting ink droplets communicate through
ink communicating channels 5a. The common liquid chamber 8
supplies ink to the pressure liquid chambers 6 via ink supply -
channels 7 serving as fluid resistance parts.
20 Through holes serving as the ink communicating
channels 5a and concave parts serving as the pressure liquid
chambers 6, the ink supply channels 7, and the common liquid
chamber 8 are formed in the channel ‘substrate 1 by performing

anisotropic etching on a single-crystal silicon substrate of a

25 (110) crystal plane using an alkaline etchant such as a



10 (I'iquid chanber substrate) 1 fornmed of a single-crystal silicon
substrate, a diaphragm?2 joined to the | ower face of the channel substrate
1, and a woasleiept ate 3 joined to the upper face of the ekanredoigabstrate
1, thereby formng the pressure |iquid chanbers 6 and a common |iquid
chanber 8. The 15 pressure liquid chanbers 6 are channels (ink |iquid
chanbers) wth which nozzles 5 ejecting ink droplets conmuni cate through
i nk communi cati ng channel s 5?. The conmon I'qgjd chanmber 8 supplies ink to
the presRREISTHN GYERSHBEF s TR 2IRRUEuPPTY-+Thannel s 7 serving as fluid
resi stance parts. 20 Through hol es serving as the _ink conmunicating
channel s 5a and con®asedirithzaceryifgtasnehehresdaie PEGIFHRL G¥avbers 6,
the ink supply channels 7, and.the comon liquid chanber 8 are formed in
t he channed 'nisikedt.r attee 1dbyplperdor2ninay aasd st riopimedetodhiengesin a
single-crystal silicon substrate of a 25 (110) crystal plane using an

al kal i ne RighantorSuchagsrad Wi 0 6¥6+2s PETAIPOR 2 Glbmbe2d . pot assi um
hydr oxi de (KOH) aqueous solution. The diaphragm?2 is forned of a plate of

net al 5such as ni ck;ﬂlén%' zld%@gh%ﬁggng%%%} %(r?e?@eggéngg%ﬁéd & J 83N

menber” or a | ayered nenber of resin an e nozzles 5 of

LD, Ul 0 el O e oA AOEELS BSLE, Bt gl gsgargepond o
channel  substrale 1 Whin,an AdNSsee 298N, dhe N0%3le phate, 3 my be
substrate 1 with an adhesive agent. The nozzle plate 3 may be
formed of metal such as stainless steel or nickel, a
10 eombination of metal and resin such as a polyimide resin film,
silicon, or a combination of these materials. A water
repellent film is formed on the nozzle surface of the nozzle
plate 3 by a well-known method such as plating or water
repellent coating in order to ensure repellence against ink.
15 The nozzle surface refers to a surface of the nozzle plate 3
in the direction in which ink is ejected. The nozzle surface
may also be referred to as an ejection surface.
A layered piezoelectric element i2 is joined to the
external face of the diaphragm 2 so that individual
20 piezoelectric element parts of the layered piezoelectric
element 12 correspond to the pressure liquid chambers 6. The
external face refers to a face of the diaphragm 2 on the
‘opposite side fromﬂthe pressure liquid chambers 6. The

diaphragm 2 and the layered piezoelectric element 12 form'a

25 piezoelectric actuator deforming the diaphragm 2 that is a



formed of netal such as stainless steel or nickel, a 10 conbi nation of
nmetal and resin such as a polyimde resin film silicon, or a conbination
of these watoaniwhs. A water repellent filmis formed on tha/Jrezmkel surface
of the nozzle plate 3 by a well-known nethod such as plating or water
repell ent coating in order to ensurezrepel |l ence against ink. 15 The nozzle
surface refers to a surface of the nozzle plate 3 in the direction in
which ink is ejected. The nozzle surface my also be referred to as an

ej ecti on BYF PaKtiayered piezoelectric elenent 12 is joined to the
external face of the diaphragm 2 so that individual 20 piezoelectric

el ement parts of thBh¢alasrerhirdrEereeCErEC lamantt 122hedrfeShoid to the
pressure liquid chanbers 6. The external face refers to a face of the

di aphr agnf2ceorort ae epgesitenad deo fuhemdibphpaas siirand iaqgiedooafbes s 6. The
di aphragm 2 and the | ayered pi ezoel ectric elenment 12 forma 25

pi ezoel ec i enappakaredel @& M dihddherdi @pheagtd 22 thate 1S @y\Wen03/ 071612
PCT/ JP03/ 01261 -22- novable part. The | ayered piezoelectric elenent 12 has

a first 5&9&% anensi depipined o &ibe dhaphsaome @aRdragsecond face on

the opposite side joined and fixed to a base 13 by an 5 adhesi ve agent.

Further, a,side f f.th ed _pi : . o
Lo an FPOLTTEBIE P RTgRt orF c (T ERhEn 5 (4 RS ettt v ing o

wavefornms to . -
printed circuit) cable 14 for supplying driving waveforms to

the layered piezoelectric element 12.

In this embodiment, the individual layered-

10 piezoelectric element parts éorresponding to the respective
pressure liquid chambers 6 are formed by forming slits in the
long layered piezoelectric element 12. 1In this specification,
“the overall length of a piezoelectric element” reférs to the
length of the original long layered piezoelectric element 12

15 from which the individual layered piezoelectric element parts
are formed.

In this embodiment, ink inside the pressure liquid
chambers 6 may be pressurized by using the displacement of the
layered piezoelectric element 12 in the d33 direction or in

20 the d31 direction as its piezocelectric direction.

As previously described, the laygred plezoelectric
element 12 has the second face joined and fixed to the base 13
by an adhesive agent. The FPC cable 14 is joined by an
adhesive agent to a face of the base 13 which face is

25 perpendicular to the face thereof joined to the layered



the | ayered piezoelectric elenment 12. In this enbodi nent, the individual

| ayered' 10 piezoelectric. elenent parts corresponding to the respective
pressur e wogaiotieehanbers 6 are forned by formng slits i npPchgprod/anér | ayer ed
pi ezoel ectric elenment 12. In this specification, "the overall length of a
pi ezoel ectric elenment” refers to the3-length of the original |ong | ayered
pi ezoel ectric elenment 12 15 from which the individual |ayered piezoelectric

el enent parts _are fornmed. In _this_enbadinent, ink.inside the pressure
liquid dHERSSIECE My bEPred<uri ’z”Ea B‘f’}é u%ei%]ge tl%e &i BFg%%ﬂent of the

| ayered piezoelectric element 12 in the d33 direction or in 20 the d31

di rect i orsdslared giisgeblecty iiaddivideei opxtaanak @licsisrgedest rebdde t he

| ayered piezoelectric elenent 12 has the second face joined and fixed to
t he base 1Eyerey aheadbbsttuecagémimenThé2FPC cable 14 is joined by an
adhesive agent to a face of the base 13 which face is 25 perpendicular to

the face thereof joineths terbeabayeteduddD 07161 2aP6F IPOYOLRE1 - 23
pi ezoel ectric element 12. The FPC cable 14 is further soldered directly to

| ndi V%duﬁﬁfas%tl%f_“alayehgfﬁg QlR%:124 OhatBe ] ayeF adPicgzael eCtud o el ement 12,
It is preferable to use netal as material for the 5 base 13. By using

ol T oy RS st s LT A sbheREALING" OF 28R NRRMLLLNO Trom
piezoelectric element 12 can be p;evented from occurring. The
layered piezoelecfric element 12 is joined to the base 13 by
an adhesive agent. As the number of channels increases,

10 howevér, temperature rises near 100 °C due to self-heating of
the layered piezoelectric element 12 so as to reduce the
joining strengtﬂ significantly. Further, the self-heating of
the layered piezoelectric element'lz increases temperature
inside the ink—-jet head so as to increase ink temperature.

15 The increase in ink temperature reduces ink viscosity, thus
significantly affecting the ink ejection characteristic of the
ink—-jet head. Accordingly, by preventing the occurrence of
heat storage resulting from the self-heating of the layered
piezoelectric element 12 by forming the base 13 of a metal

20 material, degradation of the ejéction characteristic of the
ink-jet head due to decrease in the joining strength and the
ink viscosity can be prevented.

When the base 13 has a large liner expansion
coefficient, the adhesive agent may peel off at the joining

25 interface between the base 13 and the layered piezoelectric



pi ezoel ectric elenent 12 can be prevented fromoccurring. The |ayered

pi ezoel ectric elenment 12 is joined to the base 13 by an adhesive agent. As

t he nunbewoaB/octsannel s i ncreases, 10 however, tenperaturepPCrges/onear 100 C

due to self-heating of the |ayered piezoelectric element 12 so as to

reduce the joining strength signifixantly. Further, the self-heating of

the |ayered piezoelectric element 12 increases tenperature inside the

i nk-jet head so tqQ increase,ink t erature. 15 The |ncrease in ink

t enper at u?gerp%lﬁa@s al%l%”\g 5855%‘?%’/ t? LAYGR fléany aeffectl ng the ink

ej ection characteristic of the nk-jet head. Accordingly,, reventlng
rost gh

t he occur FeRE@RbIonde Al ezl ager SRS /f EHRTENES ST Qﬁ%éF?n Bf the
| ayered piezoel ectric elenment 12 by form ng the base 13 of a metal 20
mat eri al , pdelgterdarf qreedfinghef&j Sowrh drhec frarsgc 8r Fuei Bo of difderppke;] & head
due to decrease in the joining strength' and the ink viscosity can be
pr event edteMbpera tiie: haseeti3bhasnal tamgadalneareéxpaosi eincecadkf i ci ent, the
adhesi ve agent may peel off at the joining 25 interface between the base

13 an%thﬁiéﬁa@i@&ﬁ&@%@ﬁtrig MR 93,0416 b2ePETH IPOR43126F1 1524 el enent

12 at high or low tenperatures. As to the conventional piezoelectric

el ement, é??l%fezﬁe}légorﬂeee)ﬂ Fh8e! s AP gqﬁgpsegang@lfé‘céﬁ%&@ﬁeﬁese 13

due to a erence in tenperature ca ironmental variation since
the 5 pie%ggLectrlc enen%ehs orter %ygball lqu}h Thi s

has approxima nozzles a
approximately 30 through 40 mm in overall length.
Aécordingly, it is preferable to use a.material

10 having a linear expansion coefficient of 10E-6/°C or lower for
the base 13. By limiting linear expansion coefficients to
this range, the base 13 is prevented from peeling off from the
piezoelectric element 12 at the joining interface therewith
due to a differencé in temperature resulting from

15 environmental variation. It has been confirmed that it is
very effective in preventing peeling at the joining interface
with a piezoelectric element to set the linear expansion
coefficient of each component joined thereto to a value lower
than or equal to 10E-6/°C

20 The FPC cable 14 includes a plurality of driver ICs
16 for applying driving waveforms (electrical signals) to
drive the corresponding channels (corresponding to the
pressure ligquid chambers 6). By providing the driver ICs 16
to the FPC cable 14, electrical signal setting can be

25 performed independently in each of the driver ICs 16. This



probl em has been nmade obvi ous by using a piezoelectric elenent that has
approxi mately 40 nozzles at' 300 dpi and is approximtely 30 through 40 mm
i n overalwoloafogtsh2 Accordingly, it is preferable to use aPeateod/@ke1l0

havi ng a |inear expansion coefficient of 10E-6/C or |lower for the base 13.
By limting linear expansion coeffirgbents to this range, the base 13 is
prevented frompeeling off fromthe piezoelectric elenment 12 at the

joining interf.ace therewith d i r j Nys e resulting
from 15 e‘ﬁa\lﬁﬁl&%ﬁeﬁtsaf:o5£%%% ?nolr%ff ?’tgr %gi%%%nﬁggﬁél ?&%@ﬁ?%é@éﬁ is very
effective in preventin eel.ing, gt .the joini interface Lth a

pi ezoel ec‘fffair@cé?leéﬁ’éﬁﬁcgoggeﬁh? WEHVFﬁga?h%%%#giooﬂ t%c,eogFV%%nt of each
conponent joined thereto to a value |lower than or equal to 10E-6/C. 20 The
FPC cabl epierdedectidés alpmentallidy of driver 1Cs 16 for applying driving
wavefornms (electrical signals) to drive the correspondi ng channels
(corresponding to the the gsisuoelecyuid elheudigr HegpmeBygpeaidnliimg t he dri ver
ICs 16 to the FPC cable 14, electrical signal setting can be 25 perforned

i ndependentdgtr,n i@aghsobebhandtid Wi ibGs 4hat Thisi MDHI/ AR161L
PCT/ JP03/ 01261 -25 facilitates correction of variations in the

di spl acempnt,; LRALAGLELESLAE Scipindle Sebyhdahannel s pebotbendmyensd
pi ezoel ectri'c el ement 12. As the piezoelectric el ement beconmes greater in
providing the driver ICs 16 to the FPC cable 14, a variation
in the displacement of the layered piezoelectric element 12 is
corrected by vdltage in the channel directions (in which the
10 individual layered piezoelectric element parts are arranged),
thereby realizing a uniform ejéction characteristic.
Further, a frame 17 is joined to the periphery of
the diaphragm 2 by an adhesive agent. An ink supply channel
18 for supplying ink from the oufside to the common liquid
15 chamber 8 is formed in the frame 17 across at least the base
13 from the driver ICs 16. The ink supply channel 18
communicates with the common liguid chamber 8 wvia a through
hole 2a of the diaphragm 2.
The ink supply channel 18, the common liquid chamber
20 8, and the fluid resistance parts 7 are thus arranged on the
opposite side from the driver ICs 16 so that ink can be
supplied from the opposite side from the FPC cable 14
connected to the layered piezoelectric element 12, thereby

preventing a rise in ink temperature due to heating of the

25 driver ICs 1l6.



5 length, it has been made obvious that variations in the displacenents of
t he channel s becone greater. Accordingly, by providing the driver 1Cs 16
to the FREomallwi114, a variation in the displacenent of trea/Jreyared

pi ezoel ectric elenent 12 is corrected by voltage in the channel directions
(in which the 10 individual |ayered-pbezoel ectric elenent parts are
arranged), thereby realizing a uniformejection characteristic. Further, a

frame 17 is joined ggshﬂ%helﬁgggeégsgglbé$ g}agg gg%zugﬁc%qv%gh Elve

agent. An |nk supply ¢ or suppl’ying |n fromthe outsi e to the
common I| # ﬁhanber 8 fornmed in the franme 17 across at |east the
base 13 f h& d??%é?aﬁy SPERIFRE PAKEAFHIPSThRANENAARELE Sruni cat es
with the connDn liquid chanber 8 via a through hol e 2a of the di aphragm 2.
The i nk s@ppvnehdaneforss, teacbemarotidui®d Chaabethe Zxry@regnd the fluid
resi stance parts 7 are thus arranged on the opposite side fromthe driver
| Cs 16 so mieapeilrpktrin dlemesdppli bdcémesn tdwmyeapposileegshde Whaminke FPC
cable 14 connected to the |ayered piezoelectric elenent 12, thereby
prevensi ngempeiragur® rided enperat uhe Weetiny heatthagdef véher@d 14, vek | Cs
16. WD 03/071612 PCT/JP03/01261 -26 As previously described, the heat of

the driver ils€ssilf, déﬁ&é&béEa%oV%EytgeQ%?%?ﬁﬁkéﬁ%l&hQf@QHPefhéﬁefQE%agﬁlS or

driving waveforms, reaches around 100 s the | ayered

characteristic. Therefore, the decrease in ink viscosity due
to the rise in temperature of the driver ICs 16 should be
avoided by any means. The heating of driver ICs is not so

10 significant a problem in the conventional ink-jet head with a
small number of channels.  As the ink-jet head becomes greater
in length, however, the decfease in ink wviscosity due to the
rise in temperature of driver ICs has become a serious problem.
This problem can be solved by employing the above-~described

15 configuration.

A detailed description will be given herein, with
reference to FIGS. 2 through 7, of the layered piezoelectric
element 12. FIG. 2 is a sectional view of the layered
piezoelectric element 12 of the ink-jet head of this

20 embodiment taken along the directions perpendicular to the
directions in which the pressure liguid chamber 6 extends.
FIG. 3 is a sectional view of the layered piezoelectric
element 12 of the ink-jet head of FIG. 2 taken along the line
A-A. FIG. 4 isAa sectional view of the layered piezoelectric

25 element 12 of the ink-jet head of FIG. 2 taken along the line



pi ezoel ectric el enent 12 becones larger in length. Wen ink 5 tenperature
rises due to the heating of the driver ICs 16, ink viscosity decreases so
as to sigwofisoarstity affect the ejection characteristic. Paanedniesl t he
decrease in ink viscosity due to the rise in tenperature of the driver ICs
16 shoul d be avoi ded by any neans. -Plye heating of driver ICs is not so 10
significant a problemin the conventional ink-jet head wwth a small nunber
of channels. As the ink-jet_head becones ggea er .in length wever, the

h
decrease PBi nkE YiSscodi e9ddeR 3@ tHED Fie¥si At Speritiuf eSitr‘aa?ver | Cs has

become a serious problem This problemcan be solved by enploying the
above- desk2tbeuehsl DIcdhei dararedrpisxaddrgitiréd aeseenptlizon *Ft belgiden
herein, with reference to FIGS. 2 through 7, of the |ayered piezoelectric
el enent 1Ber$p&atidd siawseft tiomdlapdred pfietzhelbayeredtlepiearodlectric

el ement 12 of the ink-jet head of this 20 enbodi nent taken al ong the

directionghperpendcuean b0 ties SHIRGIHeDRS thReMNf€dh tihe poessHre |iquid
chanber 6 extends. FIG 3 is a sectional view of the | ayered piezoelectric

el emenf 12, 0f+ IR igiked et FEFad7 of s Bl Gerdpbakehe along 4@ nk @Q}éeﬁ?@- FIG 4

is a sectional view of the Tayered piezoélectric 25 elenment 1 t he

i nk-jet head of., FI.G, 2 taken ng t.he line. 7 .PCT/ JP03/ 01261
-27 B-B. H?%.’e]?fté:rllﬁ §Eeré1?reltp %n&vitélv?/s 1612 ?%\Fe]?%él Oéﬁﬁétclrsode patterns of

the | ayered piezoelectric element 12, FIG 6 is a
y embghiment taken from the individual eiectrode side.

In the layered piezoelectric element 12, a plurality
of driving parts 25 (individuai piezoelectric element parts)
10 are formed between non-driving parts 26 on both ends of the
array of the driving parts 25 by performing slitting or
grooving processing on alternate layers of piezoelectric
layers (piezoelectric material layers) 21 and internal
electrodes 22A and 22B having pattern shapes as shown in FIGS.
15 5A and 5B, respectively, with a common external electrode 23
and the individual external electrodes 24 formed on the
opposing longitudinal sides of the layer structure. - The
common external electrode 23 is formed of the external
electrodes on the common electrode side of the respective
20 driving parts 25.
In this slitting or grooving process, -slits are
formed in the layéred piezoelectric element 12 so that a
bridge part 27 of a size D in the depth direction remains in
the bottom of the layered piezoelectric element 12 on the base

25 13. Further, a cutout 28 is formed on the individual external



perspective view of the | ayered piezoelectric elenent 12 of the ink-jet
head of this enbodi mnent taken fromthe common 5 electrode side. FIG 7 is a
per spect iwe osioew1nf the | ayered piezoelectric elenment 12Pprofi/iphzoizeik-| et
head of this enbodi nent taken fromthe individual electrode side. In the

| ayered piezoelectric element 12,. @&2@lurality of driving parts 25

(i ndividual piezoelectric elenment parts) 10 are fornmed between non-driving

parts 26 on both. en of .the _array, of the drivi arts 25 b rform ng
B (ting SreBBr ot T rdeBe s e B iathat e oy er Sobe “wiahesh B2t

| ayers (piezoelectric material l|ayers) 21 and . internal _electrodes 22A and
22B havi ng1pagt i &Hsrddors sRoRi¢h Hecslr WS ngAPERES 58 F&spect i vel vy,
with a common external electrode 23 and the individual external electrodes
24 for medagnatded. opposi ng | ongi tudi nal sides of the layer structure. The
common external electrode 23 is fornmed of the external electrodes on the
common el ectrode si decotrdihgly esttectinterd@ldelgchgo@ardzn 25. ehaht hi s
slitting or grooving process,-slits are formed in the |ayered

pi ezoed eclih §i6d gEAt 282 180 cbRatcfed Hd d9R RRARIOR7eREcPnSl 28 RtirBathe depth
direction remains in the bottomof the |ayered piezoelectric elenent 12 on

oo 20, B TP OB o S BT eyl ool
piezoelec%ggg fé?qutU£§% the internal electrode 22A of each driving
part 25 is connected through the common external electrode 23
to the internal electrodes 22A of the non-driving parts 26 on
10 both ends. Further, the'infernal electrodes 22A of the non-
driving parts 26 extend to the individual external electrode
(24) side of the layered piezoelectric element 12 as shown in
FIG. 4. Therefore, by connecting the FPC cable 14 to'the
individual external electrode (24) side, the common electrode
15 and the individual electrodes can be extended from the one
side of the layered piezoelectric.element 12.

In the ink-jet head having the above-described
configuration, a driving pulse voltage of 20 to 50 V is
applied to a selected one or more of the driving parts 25 of

20 the layered piezoelectric element 12 so that the driving parts
25 to which the dri&ing pulse voltage is applied stretch in
the direction in which the layers are formed (that is, in the
upward direction in FIGS. 2 through 4) so as to deform the
diaphragm 2 toward the nozzles 5. Thereby, the capacity or

25 the volume of each corresponding pressure liguid chamber 6



along the directions in which the driving parts 25 are arranged.
Accordingly, the internal electrode 22A of each 5 driving part 25 is
connect edwbeswhsizomon external el ectrode 23, which is pcavent/@adsr r om
bei ng divided due to the bridge part 27, so that the internal el ectrode
22A of each driving part 25 is covwmsted through the common external
electrode 23 to the internal electrodes 22A of the non- driving parts 26 on
10 both ends. Further, the internal .el.ectrodes 22A n

parts 26 EXERAT 13 tAe PnBF 6P UE “ ity %téhiergllgct?% %at( Zléf)k §r8898 St he

| ayered piezoelectric element 12 as shown in FIG 4. Therefore, by
connect i ngrehe] FPed alspeayadt of ¥oie §hR1iGATEFEEPORIERY M2 ESScProde (24) si de,
t he conmon el ectrode 15 and the individual electrodes can be extended from
the one side of th#ithyehedejpazos edt ink drepksts 12.1quidt heesskrg et head
havi ng the above-described configuration, a driving pulse voltage of 20 to
50 Vis appliedtie®d preseheet Bdqoit® cianByre 6f debeedsey] g pawtcsa25 of 20
the | ayered piezoelectric elenment 12 so that the driving parts 25 to which

the d%JV'EQrQQiﬁeh ﬂf%@epk§s§ﬁ¥%'f§1éﬂdé%dﬂ@d‘ﬂn the ﬁkééﬁﬂﬂeoﬂlhﬁl&h|Ch t he

| ayers are forned iS, inthe upward directionin FIGS 2 through 4)
so as to def h t g nQzz t he
capacity oﬁ g%g%% 8g5%§ % g%% %%??%%gghglﬁg Eﬁgigﬁ?% IQUIg chanber 6

o 03/0712%3p£§§1§§@%!9%%g%ionzgf the voltage to the layered

piezoelectric element 12 in this state, the diaphragm 2
returns to its original position so as to restore the pressure
10 liguid chambers 6 to their original shape, thereby generating
further negative pressture. At this point, ink flows through
the ink supply channel i8, the common liquid chamber 8, and
the ink supply channels (fluid resistance parts) 7 to be
filled into the pressure ligquid chambers 6. Then, after the
15 vibrations of the ink meniscus surfaces of the nozzles 5
attenuaﬁe to stabilize, another pulse voltage is applied to
the layered piezoelectric element 12 for the next ejection of
ink droplets, so that ink droplets are ejected.
FIG. 8 is a diagram showing a circuit equivalent to
20 an electrical circuit from a driving waveform generating part
to the layered piezoelectric element 12. As shown in FIG. 8,
each driving part (driving channel) 25 is formed of a series

circuit of a resistor (resistance) R,y () and a capacitor

(capacitance) C (F), and the driving parts 25 are connected



changes so as to pressurize ink therein, so that ink droplets are ejected
(sprayed) fromthe corresponding nozzles 5. Wth the ejection of ink

dr opl et s,wbhiogordi1pr essure inside the pressure |iquid chamoearigoBoidecr eases,
so that a 5 certain negative pressure is generated in the pressure |iquid
chanbers 6 by the inertia of ink fleW-at this nonent. By suspending
application of the voltage to the |ayered piezoel ectri c elenent 12 in this

state, the aphragm 2 returns to its orj |naI o] n sq.as to restore
The pr ess e TBor R RFEP RHBEPESEOFD. THOA 1Skt nate sifdpe. HsreBgust
generatin further negative pressure. At thrs point, ink flows through
the.ink s@ipFyCchinh®l SH®LiRedcgamdh 9 qﬁﬁR}a&’?aﬁB@erSl%ﬁﬁfs fae"tHk supply
channels (fluid resistance parts) 7 to be filled into the pressure |liquid
chanber s &omfiheneledterdd hesisBovs biats onsarofest h8cdnkLireazsitus sur f aces of
the nozzles 5 attenuate to stabilize, another pulse voltage is applied to
t he | ayer édtprrpzoed dodtwearrettbpedtrii2nd gratire 2%exndepect i mon-afrivinks
droplets, so that ink droplets are ejected. FIG 8 is a diagram show ng a
circuig egdirvabenistohowdD i@nrekecyrical circuit froma driving waveform
generating part to the Iayered pi ezoel ectric elenment 12. As shown in FIG

8, each driving parf,dLi iéhﬂ_‘ge %@f\;ﬁ (y%gtra efgrni%dagklgeéerésessho)% 4 Ccui t

of a resistor (resi stance Ror , capaci t or capaci tanc C (P,
and the dgivipg PRt S 2% £:50008c) £E M0 O3/ QLIOIA PETL JR03/.01261 -30

driving parts (driving channels) 25 be n, the time constant T
(sec) of the driving voltage P, applied to the driving part 25
10 in the case of driving only one of the n channels is given by

the following equation (1):

Ty = C(Ron + Rcom) (1)

15 Further, the time constant T.u1 (sec) of the driving
pulse P, applied to the driving parts 25 in the case of driving

all the n channels is given by the following equation (2)t

Tair = C(Ron + N'Reon/2) - (2)
20
Accordingly, the difference AT between the time
constant Ty; in the case of driving all the n channels and the
time constant T; in the case of driving only one of the n
channels can be obtained from the following equation (3):

25



W th each other by resistors (resistances) Rc (SZ). The circuit of FIG 8
is sinplified so as to replace the resistors Rc wth comon el ectrode

resi st or swproe@istiances) Rcom (~) each interposed betweenpPcChgradvoéing parts
25 and. each non-driving 5 part 26 as shown in FIG 9. Wen a pulse driving
voltage P, is applied, as shown in3ELG 10, to the circuit of FIG 9,

|l etting the nunber of driving parts (driving channels) 25 be n, the tine
constant tl (sec) of the driving voltage P, applied to the driving part 25
10 in the case of dffvirdetonly one of the n channels is given by the

foll owi ng equation (1): LI = C (Ron + Rcom) ... (1) 15 Further, the tine
constant ball (sec) of=tG&Rdrt virRgn/Pulsé& Pon dpPeinéd to the driving parts
25 in the case of driving all the n channels is given by the follow ng
equation (2): tall = G(&Ruy2r n1ReW 2)-(3). (2) 20 Accordingly, the

di fference AT between the time constant tall in the case of driving all
the n channels and the tine constant tl in the case of driving only one of
the n channels can be obtained-fromthe follow ng equation (3): 25 WO

%22%7%612 PCT/ JPO3/ Qljrg%quaﬂ?ﬁ.joﬁa‘r(ﬁ Babls-titdd L= RN ntmPRE 05 zﬂrj:vi@g( Ron +

channels n becomes larger or the common electrode resistance
Reom becomes larger, a change in the driving time constant T
becomes greater. That is, a change in the‘ink droplet
ejection characteristic‘becomes greater.

10 On the other hand, the ink droplet ejection
characteristic most affected by the change in the time
constant T is an ejection velocity Vﬁ. When the ejection
veloéity V3 changes, time required for an ink droplet to be
ejected from the ink—jet head to be positioned on a paper

15 sheet (a medium onto which ink droplets are ejected) also
changes. Since the ink—jet head moves in the primary scanning
direction, this change ultimately appears as a deviation of a
dot position in the primary scanning directién.

| In the case of recording a 600-dpi image, when the

20 devigtion of a line (Adot) exceeds approximately one dot, or
42.3 Pm in distance, the deviation is large enoﬁgh to be
visually recognized. Therefore, the deviation is preferably
smaller than or equal to 42.3 Mm in terms of higher image
quality.

25 Letting the ejection‘velocity in the case of driving



=Cn/2 - 1)-Rcom ... (3) 5 The equation (3) shows that as the nunber of
driving channels n becones |arger or the commopn el ectrode resistance Rcom
becones |apgan716a2 change in the driving tinme constant ti PogFdeezs2¢r eat er
That is, a change in the ink droplet ejection characteristic becones
greater. 10 On the other hand, the-Bak droplet ejection characteristic
nost affected by the change in the time constant t is an ejection velocity
Vj. Wen t ecti oci.t hanges tijme required for_an ink

dr opl et t%lhjb t‘ﬂeej”eggéﬂn?f% ttkﬁiye ei]r‘?l? {8 heh 1y bE %gl i F78Red on a paper 15
sheet (a medi umonto which ink dro Iets are ejected) also changes. Since

t he i nk-j &tiviewt omdyesne P H& S ﬁ9n§é§nn@?é)thﬂ FORE-6RP2RPT s change
ultimately appears as a deviation of a dot position in the primary

scanni ng digieatdeoie Vit he;casadot, r eespdtnigral 60Ghepiif fagecadsh the 20
deviation of a line (&Jot) exceeds approximately one dot, or 42.3 min

di st ance,pdhidiediaki o8qhSrédrfpe @nough ﬁoolbbewimalﬂayeﬂefﬁgmim@ztle
Therefore, the deviation is preferably snmaller than or equal to 42.3 min
termssof fi ghete,i nagene quald tyr RS vhabt kDY the £i@riinen sVeh@Ciiat iih t he
case of driving WO 03/071612 PCT/JP03/01261 -32 all the n channels, the

ej ecti on Mel 06l Ly Jngbhg: €356y ol LY RHeOB! RIS 16NG1 P NAPNGleS, and

t he nozzle pa

following equation (4):

AT = L/Vian — L/Vy1 = (4)
10
Further, letting scanning velocity for the primary
scanning direction be Vs, the deviation of a dot (Adot) is
given by the following egquation (5):
15 Adot = AT X Vg = (L/Vja11 — L/Vy1) X Vs = (5)
Therefore, the ejection velocity Vja1i1z in the case of
driving all the n channels is required to satisfy the
following equation (6):
20

Viann = L/ (Adot/Vs + L/Vj1) - (6)

When the ejection velocity Vy (m/sec) was measured

with respect to the rise time (Msec) of the driving voltage Py

25 with the primary scanning velocity Vs and the nozzle-paper



di stance be Vjaii, Vjl, and L, respectively, the difference AT between tine
required for an ink droplet to travel fromnozzle 5 to paper in the case
of drivi ngoaBlo7tshe n channels and that in the case of dripeiTgodnkel one of
the n channels is given by the followng equation (4) : AT L/Vjall - L/ Vjl
(4) 10 Further, letting scanni8g-velocity for the primary scanning
direction be Vs, the deviation of a dot (Allot) is given by the foll ow ng

equation ]U%t 15 Ad l@?aﬁg{ 4(¥.n¥%jfr) %éivgnr)d)éggl m- (5) Therefore,

the ej ect al’l" " the'n channels is

required to' satlsf t he foIIovmn uatlon a L/ (Al'lot/Vs
L/Vi1) . eSS ﬁYtrhéh‘éj eanastt é-|s ¢t §5WP fg?%ﬁ? OFRS\ga ?[ie‘é@ﬁred with
respect to the rise tine (sec) of the driving voltage P, 25 with the
primary ssarinag.vel ocity VS and the nozzl e- paper WO 03/071612

PCT/ JP03/ 01261 -33 distance L being set to 0.4 ms (600 dpi) and 0.001 m
respectively, the charact®efitdte ejastsbowelocHYGV;llinvdhe obtai a8d. Here,
if the ejection velocity Val in the case of 5 driving only one of the n

channel s §:s;$8lg R1100RESEE €Hdl T channels is set to 10 m/sec (T =

+

approximateiy 2 Usec), iq order to set Adot to a value smaller
than or equal to 42.3 Mm as previously described, the ejection
velocity Vjann in the case of driving all the n channels is
required to be set to a value lafger than or equal to 4.86
10 m/sec, according to the above-described measurement results.

Therefore, the time constant T.;1 in the case of driving all the
n channels is set to approximately 4 usec.‘

Therefore, it is preferable to set the difference At
between the time constant T.11 and the time constant T, to a

15 value smaller than or equal to Ta: — T. = 4 — 2 = 2 Usec.

Thereby, the degradation of image guality due to the deviation
of a dot position can be prevented, particularly in the case
of recording an approximately 600-dpi image.

Thus, in the layered piezoelectric element 12 of the

20 ink-jet head of this embodiment, letting the capacitance of

each driving part 25, the number of driving parts 25, and the
resistance between the common electrode extension parts (non-
driving parts 26) on both ends be C (F), n, and R (Q),
respectively, C (F), n, and R (Q) satisfy-the following

25 condition (7):



approximately 2 sec), in order to set Adot to a value snmaller than or
equal to 42.3 mas previously described, the ejection velocity Vjaii in

t he case wbodiwing all the n channels is required to bePsatJroiwiacival ue

| arger than or equal to 4.86 10 m sec, according to the above-described
measurenent results. Therefore, tha4tinme constant ball in the case of
driving all the n channels is set to approximately 4 sec. Therefore, it is
preferable to set the difference At between the tine constant baII and the
time constant t to a 15 val ue smaller than or equal to ball -T, =4 - 2 =2
sec. Thereby, the degradatio i mge quallty due to the deV| at| on of a
dot position can beRpFeentléd /ﬂ}ﬁrtl cul &% in the case of recording an
approxi mately 600-dpi inmage. Thus, in the |layered piezoelectric elenent 12
of the 20 ink-jet head of this errbodi ment, letting the capacitance of

each driving part 25, the nunber of driving parts 25, and the resistance
bet ween t he common ehectipddaaxtiensi tne prdwe-(desrritedvewgripam s(326) on
both ends be C (F), n, and R (a), respectively, C(F), n, and R (52) :
sati sty t%f‘e /f%llllgw%ﬂg 8§p£@£§j¢c¥rﬁ qQR) ( Ehonl YO 0flGhdePCTLIEDS D26k - 34 R

< 8 X'10 1s, based on the above-described equation (3),

5 the foll %Y]mu(r%%gexgrgﬁgl Oneét@onsgﬂgkgc98£%£% order to satisfy AT 2 sec in

the ej ectT r act 617 st

C(n/2 — 1)Room < 2 X 107° - (8)

10 If the actuator is long so that n is sufficiently
large, (n/2 — 1) can be regérded as n/2. Therefore, the
above—described expression (8) can be converted to the

following expression (9):

15 Reom < 4 X 107%/n/C = (9)

Since the resistance R between the common electrode
extension parts of the layered piezoelectric element 12 is
twice the resistance Resn, the expression (9) can be expressed

20 as the expression (7).

Thereby, the difference between the time constant of
the driving voltage Py applied in tﬁe case of driving one of
the channels and the time constant of the driving voltage Py

" applied in the case of driving all the channels can be set to



cn/2-1) -R,,,, <2 X10-6 ... (8) 10 If the actuator is long so that n
is sufficiently large, (n/2 - 1) can be regarded as n/2. Therefore, the
above- deswpiB@dieexpr essi on (8) can be converted to the f@CTrariag261
expression (9): 15 Rcom< 4 X 10-6/n/C (9) Since the resistance R between
the common el ectrode. extension parts-of the | ayered piezoel ectric el enent
12 is twce the resistance Rcon1 the expression (9) can be expressed 20

as the expression (7). Thereb the |ff ce bet ween, t he. tine on tant of
the drivifig" 9(35P?a8ﬁ QF%&SN fed i RIEA cdeFv}éﬁﬁ PHe B 'RE 2hannel s
and the tinpe constant of the dr|V|n voIt%%g pglled in the case of
driving 4fRignemeedifRts cdhepEPEet Ve FE7I8E2°PRTFIPD3/ 01261 -35 a

value smaller than or equal to 2 sec in the ink-jet head of this

enbodi nentchaThetebistiardfatthen ink-1 6t kgatticoredenafaee ebhat ixc soRLLRe
ink-jet head is reduced so that a stable high-quality imge can be

obt ai ned. highSecahdtenbedjarent]| bhlexbtamnakscription will be given, with
reference to FIGS. 12 through 14, of an ink-jet head as a |liquid dropl et
ej ecting head according to a second enbodi nent of the present 10 invention.
In the second enbodi ment, the sane el enents as

[Second embodiment]
Next, a description will be given, with reference to
FIGS. 12 through 14, of an ink-jet head as a liquid droplet
ejecting head according to a second embodiment of the present
10 invention. In the second embodiment, the same elements as
those described in the first embodiment are referred to by the
same numefals. FIG. 12 is a sectional view of the layered
piezoelectric element 12 of the ink—jet head taken along the
directionslin which the pressure liquid chamber thereof
15 extends. FIG. 13 is a sectional view of the layered
piezoelectric element 12 of the ink—jet head of this
embodiment taken along the directions perpendicular to the
directions in which the pressure liquid chamber extends (or
the directiéns in which the driving parts 25 are arranged).
20 FIG. 14 is a plan view of an internal electrode pattern of the
layered piezoelectric element 12 according to this embodiment.
The layered piezoélectric element 12 of the second
embodiment has an interﬁal electrode 30 for conduction
provided in the bridge part 27, which is not divided by the

25 grooving processing. The internal electrode 30 has a pattern



those described in the first enbodinment are referred to by the sane
nunerals. FIG 12 is a sectional view of the |ayered piezoelectric elenent
12 of thewDrkojwti2 head taken along the directions in whi @eTRES/PRESSUr €

l'i quid chanber thereof 15 extends. FIG 13 is a sectional view of the

| ayered piezoelectric elenent 12 oB6the ink-jet head of this enbodi nment

t aken along the directions perpendicular to the directions in which the

pressure UId cgggg%r gét nds-éPrPlEQSrdbﬁgffﬂ@ %%%%e 15§Qr£§e driving

parts 25 %? | an"vi'ew of an internal electrode
pattern of the | ayer ed_pi ezoel ectri eIenent 12 accordi to t
enbodlneh@leZQﬁﬁ?Q§§¢€réae%?%96%1éEiF%@WBIéﬁeﬂ% 1 2L %f Eﬁeggé@bﬂ% t%%bodlnent
has an internal electrode 30 for conduction provided in the bridge part 27,
whi ch is hayewd/indedobechelc 25 afegdvildg pheceresripl FRectrpes n el ect rode
30 has a pattern WO 03/071612 PCT/JP03/01261 -36 whose shape is equal to

t he pl anatamwuid ifemetl theilwysr ethe firézigel petti27 dwerfeaining akeshown in
FIG 14. In formng the |layered piezoelectric elenent 12, the internal

el ect sode; 3eriAN NRchkerd.d3®asd twedn thide phetdgesgatilc Zayeysfm myg the 5
internal electrode 30 between the piezoelectric layers 21 by printing when

t he intergﬂn@lr?gcw Qdesne26h a212%1%%rba¥§r§ﬁx ar i23Eed AN Lher&i een

sheets serving as e plezoe ectric layers 21. The internal el ectrode 30

remai ns CO”Q%&&F %he green sheets serving as the piezoelectric

layers 21.
The internal electrode 30 remains connected to the
10 common external electrode 23 under the driving parts 25 after
the grooving processing. Thereby, the channel of electricity
widens greatly on the common electrode side so that the common
electrode resistance can be reduced. The internal electrode
30 may have any shape as long as the internal electrode 30 is
15 connectable to the common external electrode 23 of the driving
parts 25 after the grooving processing. The wider the
internal electrode 30, the greater the desired effect of
reduction in the common electrode resistance.
The internal electrode 30 for conduction that is not
20 divided by the grooving processing is thus provided so as to
be connected to the common external electrode 23. Thereby,
the common electrode resistance is reduced, so that, as
previously described, the difference between the time constant
of the driviné voltage P, applied to the layered piezoelectric

25 element 12 in the case of driving one of the channels and that



10 common external electrode 23 under the driving parts 25 after the
groovi ng processing. Thereby, the channel of electricity wdens greatly on
t he commowoaBmttennde side so that the comon el ectrode r@sTared@esican be
reduced. The internal electrode 30 nmay have any shape as |long as the
internal electrode 30 is 15 connect&fike to the conmon external electrode 23
of the driving parts 25 after the grooving processing. The w der the
internal electrode 30, t.he great.er e desi ct e i in the
conmon el Bet FEuEFEs Pt gﬁ%‘é&ﬁ'haeﬁl rchtthleér ﬁgﬁﬁg%ggtC?%%go%ﬁ%%oFgc%g&uic%]on t hat
is not 20 divided by the grooving processing is thus provided so as to be
connect edstal kdie Wemmen exeek e ZelMSEEr odeheBebrheieh ¢ fE RECREFMSh

el ectrode resistance is reduced, so that, as previously described, the

di f f er encehdetimdrionheheraetenidtiantls skdvupeddrsviHptvel s4gel® hi@ptied to
the | ayered piezoelectric 25 elenent 12 in the case of driving one of the
channel s qull ihatinABe0360716 1bRENedR03/ 01261 -37 in the case of driving
all the channels can be set to a value snmaller than or equal to 2 sec.
Therely, the difference in the ejection characteristic is reduced, so that
a stable high- quality inmage can be obtained. 5 [Third enbodi nent] Next, a

description will be giyes .oMdflLakgrence to FIGS. 15 and 16, of an
ink-jet head as a liquid droplet

Next, a description will be given, with reference to
FIGS. 15 and 16, of an ink—-jet head as a liquid droplet
ejecting head according to a third embodiment of the present
10 invention. In the third embodiment, the same elements as
those described in the first and second embodiments are
referred to by the same numerals. FIG. 15 is a sectional view
of the layered piezoelectric elemen£ 12 of the ink-jet head
taken along the directions in which the pressure liquid
15 chamber thereof extends. FIG. 16 is a plan view of an
internal electrode pattern of the layered piezoelecfric
element 12 according to this embodiment.
The layered piezoelectric element 12 of the third
embodiment has an internal electrode 31 for conduction
20 provided in the bridge part 27, which is not dividéd by the
grooving processing, so as to be connected to the common |
external electrode 23. As shown in FIG. 16, the internal
electrode 31 has a pattern whose shape is equal to that of the
internal electrode 22A.

25 Thereby, there i1s no need to prepare a special print



ej ecting head according to a third enbodi nent of the present 10 invention.
In the third enbodi nent, the sane el enents as those described in the first
and secomwoaniodiizrents are referred to by the sanme nuner 2CTJIPs/G26115 is a
sectional view of the |ayered piezoelectric elenent 12 of the ink-jet head
taken along the directions in which-ithe pressure liquid 15 chanber thereof
extends. FIG 16 is a plan view of, an internal electrode pattern of the

| ayered piezpel ectri el.enent 12 according.ta this enbodiment. The | ayered
piezoelecPF%geg?éﬁﬁﬁﬁjT?18Fefﬁ%}t%?$c:m%%%%ﬁiggﬁtcﬂggu%:”?Htang aglectrode
31 for conduction 20 provided. in the bridge part 27, which is not divided
by the gr88VIdPIHRUCESSOGacidihies Ase Scdmiedied-to the comon exter nal
el ectrode 23. As shown in FIG 16, the internal electrode 31 has a pattern
whose shape is equal to that of the internal electrode 22A. 25 Thereby,
there is no need to prepare-a special print WO 03/071612 PCT/JP03/01261

-38 pattern for the [Fouethatmeb@oigrade 31 for conduction, so that the
manuf acturing facilities are sinplified. [Fourth enbodinent] 5 Next, a

description will bengik¢ena uwbébrigf@menceitBe &lan 1%t rdfekBked eto head
as a liquid droplet ejecting head according to a fourth enbodi nent of the

gégif?hegﬁlﬁﬁmiﬂ”-oé N Ghe-5aUrf 0, ermod] meRk,: ot RE-SR0E & KMERLShagyt hose
according to a fourth embodiment of the present invention. In
the fourth embodiment, the same elements as those described in
the first through third embodiments are referred to by the
10 same numerals. FIG. 17 i1s a sectional view of the layered
piezoelectric element 12 of the ink-jet head taken along the
directions in which the pressure liquid chamber thereof
extends.
The layered piezoelectric element 12 of the fourth
15 embodiment has the internal electrodes 30 for conduction of
the second embodiment provided in a plurality of layers in the
bridge part 27, which is not divided by the grooving
processing, so as to be connected to the common external
electrode 23. The internal electrodes 30 may be replaced by
20 the internal electrodes 31 of the third embodiment or internal
electrodes having another pattern shape.
By thus providing the internal electrodes 30 in a
plurality of layers, the common electrode resistance can be

further reduced. Normally, the thickness of the internal

25 electrode is 'subject to limitation due to a manufacturing



the first through third enbodinents are referred to by the 10 sane

nunerals. FIG 17 is a sectional view of the |ayered piezoelectric elenent

12 of thewDrkojwti2 head taken along the directions in whi @eTRES/PRESSUr €

| i quid chanber thereof extends. The | ayered piezoelectric elenent 12 of

the fourth 15 enbodi nent has the iBternal el ectrodes 30 for conduction of

the second enbodi nent provided in a plurality of layers in the bridge part
e groqQvin

27, which is not djivided by th r ocessi_ng, connect ed
to the c %xt :nﬁﬁ?]?o%?'ecjttr ode "2 .e"il%g Fhterna ar% éczlt%rg E%P§8 may be
replaced by 20 the internal electrodes 31 of the third enbodi nent or

i nternal elA®EEOd6dER RBVFPSGIhES Bt FEFRCS Hed St Cenhus " PFOVS i ng t he
internal electrodes 30 in a plurality of layers, the common el ectrode

r esi st anceéhe dmtipenafuet detrodaucdd chNogaabrylly heis Hogkeessf ot the internal
25 electrode is'subject to limtation due to a manufacturing WO 03/071612
PCT/ JPO3/fh26H i un39 ireéhogll 1 shherefsome high vslung reasystivitpcceaserdde
internal electrode in thickness so as to reduce resistance. Further, the

i ntergal £lactyAde orWBbsher 98NE! dldry thieSekos e ofl & tdealkl adi um si | ver
all oy, has a high volunme resistivity conpared 5 with gold or copper used

for the ex CeJMngg.ke,CgrQgr?glt%pi%cc%rﬂaﬂgEXec@ré{lé‘g{‘aﬁlé.rn;f%&n@l)n&ﬁ@@{érpde | ayer

f or conduction reduce e commbn externa ectrode resistance only to

a .
can reduce the common external electrode resistance only to a

limited extent. Even when a plurality of internal electrodg
layers are provided as in this embodiment, the thickness

10 between the internal electrode layers can be as small as
approximately 20 Pm. Therefore, an adverse effect such as
increase in the thickness of a piezoelectric body can be

reduced.

15 [Fifth embodiment]
Next, a description will be given, with reference to
FIG. 18, of a method of manufacturing the layered
piezoelectric element 12 according to a fifth embodiment of
the present invention. FIG. 18 is a sectional view of an
20 unprocessed layered piezoelectric element 32, which is a
member to be processed into the layered piezoelectric element
12.
According to the manufacturing method of the fifth
embodiment, first, the unprocessed layered piezoelectric

25 element 32 including a dummy part 33 is formed. The dummy



limted extent. Even when a plurality of internal electrode |ayers are
provided as in this enbodi nent, the thickness 10 between the internal

el ectrodewbapersizan be as small as approximately 20 m TPoFebéaniesl an
adverse effect such as increase in the thickness of a piezoelectric body
can be reduced. 15 [Fifth enbodi mrent20-Next, a description will be given,
with reference to FIG 18, of a nethod of manufacturing the |ayered

pi ezoel ectt n ccordi t ifih, e iment o t he. present

i nventi on.lgéFIICtG@ﬁg%i gogﬁggc j?oaﬁé{l%vzlogv%%gfg%% Jz%y%(r)lgcrog%eesésle%slt%rﬁgjr%@y

pi ezoel ectric elenment 32, which.is a nenher to, be processed into the

| ayered pi @088 Ectrite fahent® %’? IRCEEY g?nﬁh? O RS Pen GLEELEPHRRY 47t hod of
the fifth enbodinent, first, the gy}proce$sed | ayer ed piezoel ectric 25

el ement 321hAdRi (R Ehausimglgarte 28 ithef sphemallied efimepen? 08/ 911612

PCT/ JP03/ 01261 -40 part 33 is forned of a piezoelectric |ayer to be

subst ant i &35 wisyntrber ceriesshaied picheeyecupl oflayvieesi ater hal tied ect r odes
22A and 22B (or the structure of the internal electrodes 22A'and 22B with

the cobr eshanrditignpiezeel @ctite Jayessazd) rormdde Thadinr egien £ whi ch the
| ayers are fornmed. Then, after fixing the unprocessed |ayered

pi ezoel ectyH< @eERREsS? 14/d:81 RA%Sceldctile dmBatPant 33148 ,kge{é)émd to

the finishing Iine C shown
13, the dummy part 33 is ground to the finishing line C shown

in FIG. 18, so that the layered piezoelectric element 12 of
FIG. 12 is formed. The unprocessed layered piezoelectric

10 element 32 can also be formed into the layered piezoelectric
element of FIG. 15 or FIG. 17.

Thereby, the warp of a layered piezoelectric element
generated at the time of baking or polarizing the layered
piezoelectric element can be reduced, thus preventing problems

15 caused by the warp of the layerea piezoelectric element at the
time of manufacturing an ink-jet head, such as inability to
hold a piezoelectric body by air suction and peeling of an
adhesive agent caused by stress in the warp direction at the
time of bonding the layered piezoelectric element to a base.

20

[Sixth embodiment]

Next, a description will be given, with reference to
FIG. 19, of a method of manufacturing the layered
piezoelectric.element 12 according to a sixth embodiment of

25 the present invention. FIG. 19 is a sectional view of the



in FIG 18, so that the | ayered piezoelectric elenent 12 of FIG 12 is
formed. The unprocessed | ayered piezoelectric 10 el enent 32 can al so be
formed i nwo oBlogishayer ed pi ezoel ectric elenment of FIG 15Pem/JFoIE12417.
Thereby, the warp of a | ayered piezoelectric elenent generated at the tine
of baking or polarizing the | ayered4ipi ezoel ectric el enment can be reduced,
thus preventing problens 15 caused by the warp of the | ayered piezoelectric

elenent at the tinme of mapufacturing an ipk-jet head, such iRability to
hold a pi%%@???clﬁﬁﬁﬁeﬁflﬁﬁoe@ﬁ&gﬁﬁ %ﬁﬂ“ e'telait}ngacgf‘D rgajhng gé&e@%ve agent
caused by stress in the warp direction at the  tinme of bonding the | ayered
pi ezoel ectariufasitapany rotkodbade thepg iR xePX MBI thent ] Next, a descri ption
will be given, with reference to FIG 19, of a nethod of manufacturing the
| ayered piezoel ecth¢ooredionenb tReavswethciptincametked efijdw wdsithof 25 t he
present invention. FIG 19 is a sectional view of the WD 03/071612

PCT/ JPO3/Qd2fli mend]l HNBEAEESSAG rhayeetdcpredod Bdtaviingebeberdni3izldgcor di ng
to the manufacturing nmethod of the sixth enbodi nent. According to the

manuf act urf ng, et ?QQtQ)f:nt e 6 chemhadb PRAL e Be Bl BOT €5 Nedredect rode
35 having substantially 5 the same pattern shape as the internal electrode
30 is foryred,in dhe dumy pard: 330 phe-uoprocesnadd ayersd plazgel ectric
‘element 32 so that the dummy internal electrode 35 and the
internal electrode 30 are substantially in symmetrical
poéitions. In the case of forming the layered piezoelectric
10 element 12 of FIG. 15, it is preferred that the dummy internal
electrode 35 be formed to have substantially the same pattern
shape as the internal electrode 31 so that the dummy intérnal
electrode 35 and the internal electrode 31 are substantially
in symmetrical positions. In the case of forming the internal
15 electrodes 30 in a plurality of layers, it is preferable to
form the dummy internal electrodes 35 in a plurality of layers.
Thereby, the symmetry of the unprocessed layered
piezoelectric element 32 is improved further than by the
manufacturing method of the fifth embodiment. Therefore, the
20 warp of a layered piezoelectric element generated at the time
of baking or.ﬁolarizing the layered piezoelectric element can
be further reduced, thus further preventing problems caused by
the warp of the layéred plezoelectric element at the fime of

manufacturing an ink-jet head, such as inability to hold a

25 piezoelectric body by air suction and peeling of an adhesive



el ement 32 so that the dummy internal electrode 35 and the interna

el ectrode 30 are substantially in symmetrical positions. In the case of
form ng twe Baysied piezoelectric 10 elenment 12 of FIG 1PCTIPOY@E2¢r ef erred
that the dummy internal electrode 35 be fornmed to have substantially the
sane pattern shape as the internal-4@lectrode 31 so that the dummy interna
el ectrode 35 and the internal electrode 31 are substantially in

symetrical positio n the case of fornln e | nger electrodes 30
in a plurd¥fty Qﬂ“sﬁgygys tf?s?§”bré¥%ra5Pe 9eé$(xigﬁht%%uﬁ%§ |%§ernal

el ectrodes 35 in plurality of |ayers. Therebg the symetry of the
unprocessb@ﬂ¢%yhﬂ@@ é?ﬁ?é@@é&%@%Q?%QQEﬁéﬁte§§m?% i fhroPEGSF ur t her than by
the manufacturing nethod of the fifth enbodi nent. Therefore, the 20 warp
of a layered piezoelectric elenent generated at the tine of baking or

pol ari zing the | ayered piezoelectric element can be further reduced, thus

further preventing prebéetic «ditsddehy] the warp of the | ayered
pi ezoel ectric element at the tine of manufacturing an ink-jet head, such

as inapility to hol g2t 25 piazasl éﬂﬁbhl Gibodye hyiwaid, suehi esranshqeeald ng of
an adhesive WO 03/07161? PCT/JPO 01261 -42 agent caused by stress in the

var p dlrng50@ g]O%q§gghg@thggn&am@5q%igﬁgpelectr|c el ement to

a base even a description will be given, with
reference ggzogﬂé%tégg e emengeigng%ég}dlngugacguse&%h%ﬁ“%ﬂﬁ%ﬁ?%ggt of

the present invention. FIG. 20 is a sectional view of the
unprocessed layered piezoelectric element 32 according to the
10 manufacturing method of the seventh embodiment.

According to the manufacturing method of the seventh
embodiment, a dummy internél electrode 36 is formed in the
dummy part 33 of the unprocessed layered piezoelectric element
32 so as to have the same pattern shape as an internal

15 electrode that alternates with an internal electrode 22Aa that
is closest to the su;face of the layered piezoelectric element
12 into which the unprocessed layered piezoelectric element 32
is processed. That is, in this case, the dummy internal
electrode 36 is formed to have the pattern shape as the

20 internal electrode 22B. As previously described, ﬁhe intérnal
electrode 31 has the same pattern shape as the internal
electrode 22A.

By thus forming the dummy internal electrode 36, the

layering order pattern of internal electrodes can be

25 simplified. Thereby, the number of wasted internal electrodes



pi ezoel ectric elenent 12 according to a seventh enbodi nent of the present
invention. FIG 20 is a sectional view of the wunprocessed |ayered

pi ezoel ecwpiog/oeleerrent 32 according to the 10 manuf act uri ngcrarimad2ef t he
sevent h enbodi ment. According to the manufacturing nethod of the seventh
enbodi ment, a dummy internal electrode 36 is fornmed in the dummy part 33
of the unprocessed | ayered piezoelectric elenent 32 so as to have the' sane

pattern shape_as_an intern 15, el ect r ode e t i_t.h an interna
el ectr odecig ctha uce|ras &8 gg%s 1o ?%énaglﬁlrft Iaag%rg#&t%}geallga ee\rédee pi ezoel ectric
element 12 into which the unprocessed | ayered piezoelectric element 32 is
processedPiFRABLFEET i, elRENEad%; the dummy internal electrode 36 is formed
to have the pattern shape as the 20 internal electrode 22B. As previously
described, the intefhat iel et ridue @Behad fhemsrgretipadEry $AEPENAS t he
internal electrode 22A. By thus form ng the dummy internal electrode 36,
the | ayeeilagtosder3antietheointaternallesdteoticode’ taiw behe2Sasienpl i fi ed.
Ther eby, the nunber of wasted internal electrodes WD 03/071612

PCT/ JRO3/ Q4264 andFranngethedusesradl tdedirtBe0f1 i@t unitegnkhe | ayered
pi ezoel ectric elenent 12. That is, in the case of formng the dummy

i nternal oeLectiade 46 a0 the Lterdalod! Gekr ofgc22B IR hResaleeS Shape
and formng the internal electrode 31 and the internal

layered from top to bottom in the order as shown in FIG. 21A.

In FIGS. 212 and 21B, “A” refers to an internal electrode

having the same pattern shape as the internal electrode 223,

10 and “B” refers to an internal electrode having the same
pattern shape as the internal electrode 22B. Generall?, when
intérnal electrodes are categorized in two types by pattern
shape, the two types of internal electrodes alternate with
each other in being printed due to their printing method. In

15 this case, each piezoelectric element includes one part of
successive “A”s where the internal electrodes “A” are
successively layered. Therefore, the internal electrode “B”
formed between the successive internal electrodes “A” is
wasted.

20 On the other hand, in the case of forming the dummy
internal electrode 36 as well as the internal electrode 31
into the same shape as the internal electrode 22A, the
internal electrodes are layered from top to bottom in the
order as shown in FIG. 21B. 1In this.case, two parts of

25 successive “A”s are formed in each piezoelectric element and



el ectrode 22A into the sane shape, the internal electrodes are |ayered
fromtop to bottomin the order as shown in FIG 21A. In FIGS 21A and
21B, " A" wefmnsiein an internal el ectrode having the sanePpatipeyn2ehape as
the internal electrode 22A, 10 and "B" refers to an internal electrode
having the sane pattern shape as thé-internal electrode 22B. Cenerally,
when internal electrodes are categorized in two types by pattern shape,

the two types of internal electrgades_alt t.e W t h i n being
print ed EETEN8E r SPFTRITHG mét Rod® %%Exﬁ%&t%eleéwece&seeségaac E%jokf’aéenzﬂoel ectric
el ement includes one part of successive "A's where the internal electrodes

"A are ReEOeiSTELy PSS PRetBREr 82CE HREGINTSTACLEl ELTPUYe " B

fornmed between the successive internal electrodes "A" is wasted. 20 On the
ot her haricyclivdeshghtasesotcdsriviengAt heagbemi tqfiadr-nalfhereEe¥dde 36 as wel |
as the internal electrode 31 into the sane shape as the internal electrode
22A, the thmdeenngkrel ect 1vdemadr elkayeoéds f YRmamp westbdtpem in the order
as shown in FIG 21B. In this case, two parts of 25 successive "A's are

f or med irbi%l@c%%ggl gcthdce el ement and WO 03/071612 PCT/JP03/ 01261 -44
one part of successive "A's is forned between each adjacent piezoelectric
el enents, so that each piezoelectric elenment includes three successive-"A"
parts in total. Therefore, three layers of internal electrodes "B" are

wasted per [Eighth embodiment]
Next, a description will be given, with reference to
FIG. 22, of an ink—jet head as a liquid droplet ejecting head
10 according to an eighth embodiment of the present invention.
FIG. 22 is a sectional view of the layered piezoelectric
element 12 of the ink-jet head taken along the directions in
which the pressure liquid chamber thereof extends according to
the eighth embodiment. The layered piezoelectric element 12
15 according to this embodiment includes an external electrode 40
for conduction having the same planar shape as the
piezoelectric element 12. The external elec£rode 40 is formed
on a surface of the layered piezoelectric element 12 which
surface is not divided by the.grooving processing so as to be
20 connected to the common external electrode 23.

The external electrode 40 is not divided by the
grooving processing. Therefore, the channel of electricity
widens greatly on the common electrode side so that the common
electrode resistance can be reduced. The external electrode

25 40 may have any shape as long as the external electrode 40 is



5 piezoelectric elenent. [Eighth enbodi ment] Next, a description wll be
given, with reference to FIG 22, of an ink-jet head as a |liquid droplet
ej ecti ng Wead/o7m@2 according to an ei ghth enbodi ment of thecpresxnel
invention. FIG 22 is a sectional view of the |ayered piezoelectric

el ement 12 of the ink-jet head takemt3l ong the directions in which the
pressure |liquid chanber thereof extends according to the eighth

enbodi ment. The l|.ayered, piezo try I n C kng IS
enbodinen?o?%%ﬁﬁlg§’§ﬁ 55 erna g%l%%6¥%'gn%égcég?&%dﬁgdgiﬁ%% EESY%géthe
sanme planar shape as the_  piezoe|ectric el enent 16. The external el ectrode
40 is forRRELS gy #ILGEF B8 SFOPERT RFEASEST Spidzoel BTt T e%l%ﬁhnt 12 whi ch
surface is not divided by the grooving processing so as to be 20 connected
to the cosnbermsd erlvaitrebectPodehoIrepierekher dariete @R 26 is not

di vided by the grooving processing. Therefore, the channel of electricity
wi dens gr eatthytiom tie thenmomnmeh eeleodeds dessetthae. t he common el ectrode
resi stance can be reduced. The external el ectrode 25 40 may have any shape

as |ong as the extenpaknglestsee M the WR-O8AQY 161 1RCH RO3LRAR6Ts - 45
connectable to the common external electrode 23 of the driving parts 25

after the,grogMing 5 f%ﬁéi §9ood D6y WhdRledhe g eXt enpal il estkede 40, the

greater the desire ect of reduction in the conmon el ectrode

reSIStaanlectrode 40 is connected to the common external electrode 23,

the common electrode resistance is reduced, so that the
difference between the time constant of the driving voltage Py
10 applied to the layered piezoelectric element 12 in the case of
driving one of the channels and that in the case of driving
all the channels can be set to a value smaller than or equal
to 2 Mm. Thereby, the difference in the ejection
characteristic can be reduced, so that a stable high-quality

15 image can be obtained.

[Ninth embodiment]

Next, a description will be given, with reference to
FIG. 23, of an ink-jet head as a liquid droplet ejecting head

20 according to a ninth embodiment of the present invention. FIG.

23 is a sectional view of the ink-jet head taken along the
directions in which the pressure liquid chamber 6 thereof
extends according to this embodiment.

The ink-jet head of this embodiment has the nozzles

25 5, the pressure liquid chambers 6 and the other liquid



5 By thus providing the external electrode 40 that is not divided by the
groovi ng processing so that the external electrode 40 is connected to the
conmon exwermalieet ect rode 23, the common el ectrode resi stremdeoi/@26ieduced,
so that the difference between the tinme constant of the driving voltage PV
10 applied to the | ayered piezoel ee464+c element 12 in the case of driving
one of the channels and that in the case of driving all the channels can

be set to_a value snnller .than qr_e : , wf f erence
in the eF@éPPSﬁScH§%£é¥¥ﬁﬁgvﬁgega%l%%gé%?ugggi%g%m%ﬁgéegyg?g%%gga
hi gh-quality 15 inmage can be obtai ned. [.N nt nbodj ment] -Next, .a

el Brbefidhegt ™

descri pt iontwpl Lipes giRRsReCiVRLY ef et®n (i, i ikRY et head

as a liquid-droplet ejecting head 20 according to a ninth enbodi nent of
the presenkezorlentiion.elrm@nt231Psof teetienrald ¢reRidbrerhe®iSk-j et head
taken along the directions in which the pressure |iquid chanber 6 thereof
ext ends aegabgdiag b tites lawkedinpitzodhetimilc jpéemhaad b2 addoydamBodi ment
has the nozzles 25 5, the pressure liquid chanbers 6 and the other |iquid

VO 034071612, RCTEIRO3/ A6 erbbisbasbensy mndnpheykayered piezoel ectric
el ements 12 arranged in two lines, respectively. In this enbodi nent, the

'bayered pi ezoel eP%&%F'a%EQE%L&@i&@ 48 $RCEnd.gbRdinBRirakacempboyed,
ut the | ayered piezoel’'ectric elements 12 according
FIGS. 24 and 25, of an ink—jet recording apparatus including
the ink-jet head according to the ninth embodiment of the
present invention. FIG. 24 is a perspective view of the ink-
10 jet recording apparatus, and FIG. 25 is a side view of the
ink-jet recording apparatus, showing a mechanism part thereof.
The ink-jet recording apparatus includes a print
mechanism part 112 in a recording apparatus main body 111.
The print mechanism part 112 is formed of a carriage 123
15 movable in the primary scanning direction, a recording head
formed of the ink—jet heads of the present invention and
mounted in the carriage 123, and ink cartridges 125 supplying
ink to the recording head. A paper feed cassette (or a paper
feed tray) 114 capabie of containing multiple sheets of paper
20 113 can be detachably attached to the lower part of the main
body 111 from the front side or the ¥ side in FIGS. 24 and 25.
A manual feed tray 115 for manually feeding the paper sheets
113 can be turned and opened. The paper sheet 113 fed from

the paper feed cassette 114 or the manual feed tray 115 is

25 loaded so that a required image is recorded thereon by the



5 to any of the other enbodi nents nay be enpl oyed. Next, a description wll
be given, with reference to FIGS. 24 and 25, of an ink-jet recording
appar at usworslougiing the ink-jet head according to the ni mch/Jesdsadéinent of
the present invention. FIG 24 is a perspective view of the ink 10 jet
recordi ng apparatus, and FIG 25 is4d-side view of the ink-jet recording
appar atus, showi ng a nechani smpart thereof. The ink-jet recording

apparatus_incl udes a.print ni I 2 | ordi tus main
body. 111 PHe N HEC HART ot ar (T LR A T or Hoa TS PP ragey 179 15
novabl e in the primary scanning direction, g recor in hegg formed of the
i nk-j et hRMRIRLF THE Fr 8BAT FIRAENO0F a¥d L foahtdd'Sh né"Carri age 123,
and ink cartridges 125 supplying ink to the recording head. A paper feed
cassette Yarksidmper thee&d aidgy pfi1thecapiplodi Iddntai ning nultiple sheets
of paper 20 113 can be detachably attached to the |lower part of the main
body 111 fromthe fmoanthsimeror rdokaX¥2sni dert nl A GShe24aanta®s.123A iganual
feed tray 115 for manually feeding the paper sheets 113 can be turned and

opened. The) paperdaisetinliBe fedidd@msdaheipgpei réeeibcassat peidddy or t he
manual feed tray 115 is 25 |loaded so that a required image i s recorded

ner o, HoLd W0 ALY LB BBk o oprint mehgniam oot 1
attached %gh££¥% é%%gﬁﬁf%i:8&t%£§%‘Gp§%§$%goéi&gepiﬁ442*%%3% %ﬁéWn in
the drawings). The primary scanning direction corresponds to
the directioﬁs in which the primary and secondary guide rods
10 121 and 122 extend. That is, the primary scanning direction
corresponds to'the X—axis in FIGS. 24 and 25. Heads 124
formed of the ink-jet heads. (liquid droplet ejecting heads) of
the present invention ejecting yellow (Y) ink, Cyan (C) ink,
magenta (M) ink, and black (Bk) ink, respectively, are
15 attached to the carriage 123 so that a plurality of ink
ejection openings thereof are arranged in the directions to
cross the primary scanning direction and ink is ejected ffom
the ink ejection openings in the downward direction. The FPC
cable 14 is connected between the heads 124 and a controller
20 part 150 so as to apply a driving waveform to each of the
heads 124. The FPC cable 14 exchanges signals between the
heads 124 and the controller part 150.
The ink cartridges 125 for supplying the respective
color inks to the corresponding heads 124 are attached

25 replaceably to the carriage 123. Each ink cartridge 125 has a



In the print mechanismpart 112, the carriage 123 is 5 held slidably in
the primary scanning direction by a primary guide rod 121 and a secondary
gui de rodwd2d/rteat are gui de nenbers extendi ng bet ween opoagipagigéide

pl ates (not shown in the drawings). The primary scanning direction
corresponds to the directions in wfiSech the primary and secondary gui de
rods 10 121 and 122 extend. That is, the primary scanning direction

cor T espongs, 1 0y LhE X85 I 0.BLES,. 24 30028, bRAd5, Ik TRLE 0L the

i nk-j et héads i qui n'drople i hg head e present 1nvention
ejecting yellow (Y) ink, cyan (Q ink, .magenta, (M, .ink, and. black (Bk)

i nk, resp&EfiVISE E%§§'15T§?tE%ﬁ%deHMPﬁgagﬁﬁrWhé% e AFOSREETS  pl ural ity
of ink ejection openings thereof are arranged in the directions to cross
t he pri mafyk sbarminrgigidr éepnopaghdini L@airéirég@@t &8P fERAUGh LR nRUBPEEL | on
openings in the downward direction. The FPC cable 14 is connected between
t he headsop@dimnda thentcookespo2@ipateatis0240 aButthappleaca drnkvi ng
waveformto each of the heads 124. The FPC cabl e 14 exchanges signal s

bet ween t hgrthrags 1524 iapdutibe £osdrald ®bdpart1168.wifhe intk seathatdges 125
for supplying the respective color inks to the correspondi ng heads 124 are

attached §§erfﬁ% it @0t PR CASFiAGRNE43g FBLA 17K Cankihdgendds> has a
WO 03/071612 PCT/JP03/01261 -48 vent forneg inits upper part and a supply

openi ng formed, i, il JLOURE R Les e YN EnEORIMN LAKPSEWLNENERe
at mospher &.
porous body.
The heads 124 for the respective color inks employed
10 as a recording head in this embodiment may be replaced by a
single head including nozzles for ejecting ink droplets of the
respective color inks.
The primary guide rod 121 penetrates through the
rear (Yi—side) part (part on the downstream side inhthe
15 direction in which the paper sheet 113 is conveyed) of the
carriage 123 so that the cartridge 123 can slide along the
primary guide rod 121. The front (Yz—-side) part. (part on the
upstream side in the direction in which the paper sheet 113 is
conveyed) of the carriage 123 is placed on the secondary guide
20 rod 122 so that the carriage 123 can slide along the secondary
guide rod 122. A timing bélt 130 is extended between a drive
pulley 128 rotated by a primary scanning motor 127 and a
driven pulley 129. The timing belt 130 is fixed to the

carriage 123 so that the carriage 123 is moved back and forth

25 for scanning along the primary scanning direction by the



Ink is supplied fromeach ink cartridge 125 through its supply. opening to
the correspondi ng head 124. Further, each ink 5 cartridge 125 includes a
por ous boap oBiovieezrl with ink so that the ink supplied to trhgJeaoiesipondi ng
head 124 is maintained at a slightly negative pressure by the capillary
force of the porous body. The head49i24 for the respective color inks

enpl oyed 10 as a recording head in this enbodi nent may be replaced by a

singl e head includi.ng nozzles far. ejecti i nk. I t espective
col or inksSVerE BPPng?ﬁwfﬁlcﬁ?Fé% Of%lo%eﬁ% régigghgﬁfg%éﬁgﬁﬂeﬂg$%én
(Yl-side) part (part on the downstreamside in the 15 direction in which

t he paperl&heet 113 is conveyed) of the «carriage 123 so that the cartridge
123 can slide along the primary guide rod 121. The front (Y2-side) part.
(part on the upstr@antiss dehier hhaddi FecRIRT ite WRRERYt ARCh e Sheet 113
is conveyed) of the carriage 123 is placed on the secondary gui de 20 rod
122 so t hatedthalGaseiage 1238 marersifiedd abssgttdellsedondapysigidme rod 122.
Atimng belt 130 is extended between a drive pulley 128 rotated by a

pri masy SEa ReeMBEaAs 1274 ancha il ¥enrptblt@yngl 2ppathaeuti Mhoapudsd t 130 is
fixed to the carriage 123 so that the carriage 123 is noved back and forth

25 for sc | l.ang r4{mar apni ng; di r i t HP71612
PCTI JP03 DIHEEL TR0V EVeree S oy aard T or ot Ilone oF ChE perHery SEanni ng

ot or each paper sheet 113 from the paper feed cassette 114, a guide

member 133 for guiding each paper sheet 113, a' conveyance
roller 134 conveying each fed paper sheet 113 upside down, a

10 roller 135 pressed against the outside surface of the
conveyance roller 134, and a tip roller 136 defining an angle
at which each paper sheet 113 is sent from the conveyance
roller 134. The conveyance roller 134 is rotated by a
secondary scanning motor 137 via a gear train.

15 Further, the ink-jet recording apparatus includes a
printing recepfion member 139 that is a sheet guide member
guiding each paper sheet 113 sent from the conveyance roller
134 below the heads 124. The guide range of the printing
reception member 139 corresponds to the movement range of the

20 carriage 123 in the primary scanning direction. On the
downstream side of the printing reception member 139 in the
direction in which each paper sheet 113 is conveyed, the ink-
jet recording apparatus includes a conveyance roller 141 and a
spur 142 rotated to send each paper sheet 113 in a direction

25 to eject each paper sheet 113, and further includes an



127. On the other hand, in order to convey each paper sheet 113 set in the
paper feed cassette 114 to a position 5 below the heads 124, the ink-jet
recor di ngvaepparmtizs i ncl udes a paper feed roller 131 andpaTfiPoxdizen pad
132 for separating each paper sheet 113 fromthe paper feed cassette 114,
a guide nmenber 133 for guiding eachOpaper sheet 113, a conveyance roller
134 conveying each fed paper sheet 113 upside down, a 10 roller 135

pressed agai nst the.outsj surface. of e onvey. o] and a
tip roll et QEeFPﬁ?ﬁﬁ %%féﬁb g’sgPrw%%ghf%gG%ﬂgéggf%gﬁe%%ggf%ﬁﬁ?:sent
fromthe conveyance roller 134. The Qonvegance éoller 15@ is rotated by a

secondar ySRe&indilig ORSPE oFa PARAT, & SGEAPTL FERN. L US 3BG GHEFS PREPTTK- | et

recording apparatus includes a printing reception menber 139 that is a
sheet guil mahért6 forming sawParagsecshert PaB Bweudhy ghithecdPhveyance
roller 134 below the heads 124. The guide range of the printing reception
menber 139w rdspands3t bs tdunvepeeinent beanjectéddt he 20 carriage 123 in the
primary scanning direction. On the downstream side of the printing

receptsi on nmenber 13Rti#md ke medioreetbenaifgWhirch reaek papesrsheetvehl3 is
conveyed, the ink- jet recording apparatus includes a conveyance roller 141

T (S S g e caee ek s et ssctian 25 Lo
PCT/JPOBG%%%Q% ﬁ%%reby, ink is ejected onto the stationary paper
sheet 113 so that recording is performed for one line. Then,
after the paper sheet 113 is conveyed a predetermined distance,
10 recording is performed for the next line. When a recording
end signal or a signal indicating that the trailing edge of
the paper sheet 113 has reached the recording region is
received, the recording operation is terminated so that the
paper sheet 113 is ejected. In this case, since each §f the
15 ink-jet heads of the preseﬁt invention forming the heads 124
has improved controllability of ink droplet ejection, thereby
suppressing variation in its characteristic, the ink—jet
recording apparatus can record a stable high—quality image.
Further, the ink-jet recording apparatuslincludes a
20 recovery part 147 for recovering from ejection failure in the
heads 124. The recovery part 147 is provided on the X; side in
the moving directions of the carriaée 123 in a position
outside the recording region as shown in FIG. 24. The
recovery part 147 includes a capping part, a suction part, and

25 a cleaning part. While waiting for printing, the carriage 123



ejection roller 143 and a spur 144 for sending out each paper sheet 113
onto the paper ejection tray 116 and gui de nenbers 145 and 146 form ng a
paper ej ewpiodf7wat h t hr ough which each paper sheet 113 i $CTaRV3ye6 t 0 be
ejected.” 5 At the tine of recording, the heads 124 are driven in
accordance with an image signal w thithe carriage 123 being noved.
Thereby, ink is ejected onto the stationary paper sheet 113 so that

recording is performed for one |ine , _after e et 113 is
conveyed *& PrEget E?n?%%drecﬁoéfteﬁﬁcg?rio?_?@ors |Jneg Slosg%e;C g}?%eed (;%r t he next
line. When a recording end signal or a signal indicati at the trailing

C ng
edge of headspapércapeed byl FhgasapPratHderthe r%’t?&reai”ngtlflggjr is received,
the recording operation is termnated so that the paper sheet 113 is
ej ect ed. eHrcthibs opseinss noe thachesfist het 185r¢ meijndeineddst F M HS Yr esent
invention formng the heads 124 has inproved controllability of ink
dropl et gjeeld 0Bo thetebyectsupprasiiing ohas it idrying isspréesrasidri stic, the
ink-jet recording apparatus can record a stable high-quality image.

Further, the,ink- kgt hgcordigsappappgbestihe) udas iare2@vigEoMershepart 147
for réecovering fromejéection faildre in the heads 124. The recovery part

147 i i ded the. i ; i . o ) ot _
123 :f] grl%\éilﬁrt 'lélﬁnl%u%%‘%(été%{ de Whay gﬁlm&\{é ngy i Isechli 8RS PEn 1,01 carri age

_ rde the recording region as shown in FIGC24. The
Cl cani ny A SR FPBOWRTE T PO S| FRERGEY (e earragen 135708 03 071612
PCT/ JP03/ 01261
ejection characteristic.
Tn the case of the occurrence of ejection failure,
10 the ink ejection openings (nozzles 5) of the heads 124 are
hermetically sealed by the capping parf, and air bubbles as
well as ink are evacuated from the ink ejection openings
through a tube by the suction part. Ink or dust adhering to
the ink ejection surface of each head 124 is removed by the
15 cleaning part. Thereby, the heads 124 recover from ejection
failure. The evacuated ink is ejected to a waste ink
reservoir (not shown in the drawinés) provided in a lower part
of the main body 111. In the waste ink reservolr, the waste
© ink is absorbed and kept in an ink absorbing body.
20 Thus, the ink-jet recording apparatus of this
embodiment includes the ink-jet heads of the present invention.
Therefore, the difference between the time constant of the
case of driving one channel and the time constant of the case

of driving all channels can be reduced, so that a stable high-

25 quality image can be recorded.



-51 is noved to the recovery part (147) side so as to have the heads 124
capped by the capping part. Thereby, the ink ejection openings of the
heads 124werog/ommint ai ned in a noist state, so that ejectipom/Jped/diaéle due to
drying is prevented. 5 Further, during a recording operation, ink
irrelevant to the recording is ejeéked so that all the ink ejection

openi ngs have the sane ink viscosity, thereby maintaining a stable

ej ection characteristic. In the case.of .the occurrenc f_ei ion failure,
10 the ink ejection§BpE9ﬁrﬁ£?V558§§FE%8%§ %ﬁb?é%§%$g§ds%ﬁg4p€§wa ermetically
seal ed by the capping part, and air bubbl es as mell,as,in$ are evacuated
from t he imkerdjieey ii6naBpeithd® ahidkghch PERe 3y & HERhe: FoPhart. Ink or
dust adhering to the ink ejection surface of each head 124 is renoved by
the 15 clepiniggaetd. ThBpedNer t HdchpagsenrR4ipeeniieon oM &Pecti on

failure. The evacuated ink is ejected to a waste ink reservoir (not shown

in the dragwhingsbley @i deduid drdpiwer efactingfhédds neiherbotgnliie In the
waste ink reservoir, the waste ink is absorbed and kept in an ink

absor ki ng; hody. 2Q Fhusuchhes i Nkt o eeeplingde popeaiat usaaf of bé:sing
enbodi ment 1 ricludes the ink-jet heads of the present invention. Therefore,

the difference hetyeen thg§ine canshant, ofqhhs Easal gebving e channel

and the ti conistant O e case of driving all channel's can be reduced,

so that aejsé&?ilneg rgr%?)_le%g glf]aall Il%l\}/A Isrgan%‘ieqan be recorded.

Further, in the above-described embddiments, the
present invention is applied to the actuator part (pressure
10 generating part), as a piezoelectric actuator, of a liguid
droplet ejecting head such as an ink-jet head. However, the
present invention is also applicable to a microswitch (a micro
relay), an actuator for a multi-optical lens (an optical
switch), a micro flow meter, and a pressure sensor as well as
15 a micropump and an optical device (an optical modulator).
Further, in the above-described embodiments, the
present invention is applied to a side-shooter head in which
the direction in which a diaphragm is displaced is equal to
the direction in which.an ink droplet is ejected. However,
20 the present invention is also applicable to an edge-shooter
head in which the direction in which a diaphragm is displaced
is perpendicular to the direction in which an ink droplet is
ejected.
The present invention is not limited to the

25 specifically disclosed embodiments, but variations and



WO 03/071612 PCT/JP03/ 01261 -52 In the above-described enbodi ments, the
present invention is.applied to an ink-jet head as a |liquid dropl et

ej ecti ng wead/o7tdexever, the present invention is also appCraa/@2éio |iquid
dropl et ejecting heads other than the 5 ink-jet head, such as a liquid
droplet ejecting head ejecting drepBets of a liquid resist and a liquid
droplet ejecting head ejecting droplets of a DNA sanple. Further, in the
above-descrj,hed _enbodi nents, the t .10V ' ' | d he

act uat or “k?é#‘?l(cﬁiéggﬁr%ay 5 é“éﬁsr g?fgﬁégga?%%ﬁ&ggg%ﬁ?gzglg?eéc(ﬁi)ietc%éftct uat or,
of a liquid droplet ejecting head such as an ink-jet head. However, the
present itfemEieERREsIAYRR Pl icable to a microswitch (a micro relay), an
actuator for a nmulti-optical lens (an optical swtch), a mcro flow neter,
and a pressure sensbre azrapsinit applibcatiATridpinseanarait®PdS€al device (an
optical. nodulator). Further, in the above-described enbodi nents, the
present ignentiitgnapplapptied Neo 208Rde4BhobtErldatbad Frbwhaxh 23he direction
in which a diaphragmis displaced is equal to the direction in which an

i nk dgoplgfpd S tgleechedre HowRueis 3@ WhecRr £senteiabyeihtonpdsatadd oy
applicable to an edge-shooter head in which the direction in which a

di aphr agrgéfser_cgn%gl aced is perpendicular to the direction in which an ink
droplet i's e ected. The present invention is not limted to the



25 specifically disclosed enbodi nents, but variations and WO 03/071612
PCT/ JP03/ 01261 -53 nodifications my be nmade w t hout departing fromthe
scope of wolg/opreesent i nvention. The present application PESTHR63U26IN
Japanese priority application No. 2002-047371 filed on February 25, 5
2002, the entire contents of which-s4e hereby incorporated by reference.
WO 03/071612 PCT/JP03/01261 -54 CLAIMS 1. A | ayered piezoelectric el enent
conprising: a plurality of driving parts divided by grooves, the 5 driving
parts coﬁgﬁﬁgﬁng alternate | ayers of piezoelectric layers and interna
el ectrodes; and non-driving parts fornmed at both ends of an array of said
driving parts, the non-driving parts conprising the alternate |ayers of
the piezoelectric layers and the internal 10 el ectrodes, wherein a common
el ectrode of said drivimgapered psezasditearidéd BLemeshi eomwsdiniovi ng parts;
and a capacitance C (F) of each of said driving parts, the nunber of said
driving parts n, and muresisianeedR«ing phrthetivetdedddy quovessi,vichg parts
satisfy R- 8 X 10-6 /n/C. 2. A layered piezoelectric elenment conprising:

5 driving parts comprising alternate layers of pilezoelectric

layers and internal electrodes; and

non-driving parts formed at both ends of an array of
said driving parts, the non-driving parts comprising the
alternate layers of the piezoelectric layers and the internal

10 electrodes,

wherein a common electrode of said driving parts is
extended from said non-driving parts; and

a capacitance C (F) of each oflsaid driving parts,
the number of said driving parts n, and a resistance R (Q)

15 Dbetween said non-driving parts satisfy R £ 8 X 107¢/n/C.

2. A layered piezoelectric element comprising:

a plurality of driving parts divided by grooves, the
driving parts comprising alternate layers of plezoelectric

20 layers and internal electrodes;

non-driving parts formed at both ends of an array of
said driving parts, the non-driving parts comprising the
alternate layers of the piezoelectric layers and the internal
electrodes; and

25 an internal electrode for conduction connected to a



a plurality of driving parts divided by grooves, the driving parts
conprising alternate |ayers of piezoelectric 20 | ayers and internal

el ectr odewp monedz i vi ng parts formed at both ends of an amrcaypredoizeai d
driving parts, the non-driving parts conprising the alternate |ayers of
the piezoelectric layers and the irtérnal electrodes; and 25 an internal
el ectrode for conduction connected to a WO 03/071612 PCT/JP03/01261 -55

common external electrode of sajd driving.parts a ndi. vi . he
grooves, SOTEIE; ﬁxgeﬁ%ﬁﬁoﬁ%ﬁféﬁ%ﬁ 8falga ‘Glrrfq/ip%%t%argb é ?Iggl‘é%/ee&nded from
said non-driving parts. 5 3. The |ayered piezoelectric elenment as cl ai ned
in clai M2 thfherePresaid i nternal el ectrode for conduction has a shape
substantially equal to a shape that one of the internal electrodes of the
alternate | ayers hashdsfior @ tdommaht et aatecdel @ spadsdatelgy Gpie 8. The

| ayered piezoelectric elenment as clainmed in claim?2, wherein said internal
el ect r odesxftnaeandueii o0id snof-@imtedngnparpsural ity of |ayers. 15 5. The

| ayered piezoelectric element as clained in claim4, wherein each of the

| ayerg of said internal electrode

3. The layered piezoelectric element as claimed in
claim 2, wherein said internal electrode for conduction has a
shape substantially equal to a shape that one of the internal
electrodes of the alternate layers has before the alternate

10 layers are grooved.

4. The layered piezoelectric element as claimed in
claim 2, wherein said internal electrode for conduction is
formed in a plurality of layers.

15

5. The layered piezoelectric element as claimed in
claim 4, wherein each of the layers-of said internal electrode
for conduction has a shape substantially equal to a shape that
one of the internal electrodes of the alternate layers has

20 Dbefore the alternate layers are grooved.

6. A layered piezoelectric element comprising:
a plurality of driving parts divided by grooves, the
driving parts comprising alternate layers of piezoelectric

25 layers and internal electrodes;



for conduction has a shape substantially equal to a shape that one of the
internal electrodes of the alternate |ayers has 20 before the alternate

| ayers arwogsoower. 6. A | ayered piezoel ectric el ement compmiJRiang261a
plurality of driving parts divided by grooves, the driving parts
conprising alternate | ayers of piezbélectric 25 layers and interna

el ectrodes; WO 03/071612 PCT/JP03/01261 -56 non-driving parts fornmed at

both ends of an array of . said drjyi ts, sdriving tSe
conpri sing the alf§¥h§%€v959eP%ro? ﬂ%%&%¥é§bg%g§t§?@5|%§é?£ an E/the
internal electrodes; and 5 an external el ectrode for condugtion connected

to a comfds EXLEARG PINEot e PoP ST I HY iRATS: FRFPSLSLHE ¥ er nal

el ectrode for conduction being forned on a surface of the | ayered

pi ezoel ectltiegncapet aydi < o hhicadé ezsetndtvieddusyst BBd §R8oVESIRG wher ei n
a common el ectrode of said driving parts is extended fromsaid non-driving
parts. 7.cikgJmidded;oéndanufacturing a | ayered piezoelectric el enent
including a plurality of driving parts 15 divided by grooves, non-driving

partssformed at botly, ends @hiasiactaydef réhechduicngn pastisec st tanai nt er nal
el ectrode for conduction connected to a common external electrode of the
driving Qﬁﬁéﬁ%ﬁaggtgggéylé&gkéyﬁd%h%fgEQQMeﬁriéfﬁﬁiﬁér%bogtﬁéréé%ernal
electrode for conduction being formed on a surface of the
layered piezoelectric layer which surface is undivided by the
grooves,

10 wherein a common electrode of said driving parts is

extended from said non-driving parts.

7. A method of manufacturing a layered
piezoelectric element including a plurality of driving parts

15 divided by grooves, non-driving parts formed at both ends of
an array of the driving parts, and an internal electrode for
conduction connected to a common external electrode of the
driving parts and undividgd by the grooves, the driving parts
and the non-driving parts comprising alternate layers of.

20 piezoelectric layers and intérnal electrodes, the driving
parts having a common electrode extended from the non—-driving
parts, the method comprising the steps of:

(a) fixing a member including a dummy part to a base,
the dummy part being formed of a piezoelectric layer to have a

25 shape substantially symmetrical to a shape of a group of the



and the non-driving parts conprising alternate |ayers of 20 piezoelectric
| ayers and internal electrodes, the driving parts having a common

el ectrodewexenaderl from the non-driving parts, the nethoeCrarmiigéing t he
steps of: (a) fixing a nenber including a dutmy part to a base, the dummy
part being forned of a piezoel ectr+¥74 ayer to have a 25 shape
substantially symmetrical to a shape of a group of the WD 03/071612

PCT/ JP03/ 01261 _-57 internal _electrodes t t t S kR a
directioﬁnFﬁrnﬁhi%%quﬁx%Ft8?n£ﬁ% ?gg%?Eﬂ%?é Sggéegéqgﬁgl%%¥gpén%§ing t he
dummy part fromthe nmenber. 5 8. The nethod as c¢lainmed in claim?7, wherein
a dummywhachr B¢ &} eemadde Le¥PFespERdiHg" e €RE internal el ectrode for
conduction is formed in the dumry part. 9. The nethod as clainmed in claim
8, wherein the 10 unmgmbuiegnelie elwetr Geethisom amerdefnetrical to a
shape that one of the internal electrodes of the alternate |ayers has
before the alternate | ayers are grooved, the one of the internal

el ectrodes being closest to a surface of the nenber after the dunmy part

is regoved therefrogm trhe suEhegeadfcidignctd inpabein bej ngheareaat @d by
removing the dummy part. 10. The method as clained in claim8, wherein the

dummy internal .electrod shap i+al kyeSsyRp®etgdical to a shape
that a ffﬁ@?wbﬁ8%8¥?£fﬁ%£?%?g§ﬁapge?%c rod%g}of thg 20 alternate | ayers has

bef or e ttgié%kggéga%grléiéad%tg%% ggoggggéd in the dummy part.

9. The method as claimed in claim 8, wherein the

10 dummy internal electrode has a shape symmetrical to a shape

that one of the internal electrodes of the alternate layers

has before the alternate layers are grooved, the one of the
internal electrodes being closest to a surface of the member
after the dummy part is removed therefrom, the surface of the

15 member being created by removing the dummy part.

10. The method as claimed in claim 8, wherein the
dummy internal electrode has a shape substantially symmetrical
to a shape that a first one of the internal electrodes of the

20 alternate layers has before fhe alternate layérs are grooved,
the first one of the internal electrodes alternating with a
second oné of the internal electrodes of the alternate layers,
the second one of the internal electrodes being closest to a
surface of the member after the dummy part is removed

25 therefrom, the surface of the member being created by removing



the first one of the internal electrodes alternating wth a second one of
the internal electrodes of the alternate |ayers, the second one of the
i nt ernal wbasirwdes being closest to a surface of the nemogrIPefdiesl t he
dummy part is renoved 25 therefrom the surface of the nmenber being created
by renmoving WO 03/071612 PCT/JPO3/-E261 -58 the dummy part. 11. A
pi ezoel ectric actuator conprising: a novable part; and 5 a | ayered
pi ezoel ectric el ementt deform ng said novable part, the | ayered
pi ezoel etfF BUBT Rt  conprising: a plurality of driving parts divided by
grooves, the driving parts conprising alternate |layers of 10 piezoelectric
| ayers and internal electrodes; and non-driving parts fornmed at both ends
of an array. of said driving parts, the non-driving parts conprising the
alternate | ayers ofll.he2ppéepetbetiiic lapfdrdoandorpel St er nal el ectrodes,
15 wherein a common el ectrode of said driving parts is extended from said
non-driving parts; andvabtappsrtanoel C (F) of each of said driving parts,
the nunber of said driving parts n, and a resistance R (S2) between said
non-dgiving parts satisf¥eR f1efo&lddrB/d/elemed® deforming said
movable part,
the layered piezoelectric element comprising:
a plurality of driving parts divided by
grooves, the driving parts comprising alternate layers of
10 piezoelectric layers and internal electrodes; and
non-driving parts formed at both ends of an
array. of said driving parts, the non-driving parts comprising
the alternate layers of the piezoelectric layers. and the
internal electrodes,
15 wherein a common electrode of said driving
parts is extended from said non—-driving parts; and
a capacitance C (F) of each of said driving
parts, the number of said driving parts n, and a resistance R
(Q) between said non-driving parts satisfy R < 8 X 107%/n/cC.
20
12. A piezoelectric actuator comprising:
a movable part; and
a layered piezoelectric element deforming said

movable part,

25 the layered piezoelectric element comprising:



12. A piezoelectric actuator conprising: a novable part; and a | ayered
pi ezoel ectric el enent deform ng said novable part, 25 the |ayered

pi ezoel ecwpiog/oeleerrent conpri sing: WO 03/ 071612 PCT/ JP03/ 0PRGIP03/E61a
plurality of driving parts divided by grooves, the driving parts
conprising alternate | ayers of pi-e2eelectric |layers and internal

el ectrodes; non-driving parts fornmed at both ends of an 5 array of said

driving parts, the non-drivin rts. conpr.isin he. e |layers of
the piezoel ectric Iayer§'§ﬁ&rgﬁg€yi?ﬁeaﬁﬁﬁl%9 g%f?%dé%?L%%%qgi i nt er nal

el ectrode for conduction connected to a commpn external el ectrode of said
driving papveeandii® AmFingdearky U Grddvesl CRABFEF Nt FSnton el ect r ode

of said driving parts is extended fromsaid non-driving parts. 13. The

pi ezoel eplekcehetatorlaysrel andethierrsdlaiehectsodes: wherein sai d i nternal

el ectrode for conduction has a shape substantially equal to a shape that
one of the internal el egin-eaesing petsalfemeat etl apehsetds dfefor e t he
alternate |ayers are grooved. 20 14. The piezoelectric actuator as clai ned
inclaim, 12, whereih fakdnghperpal eleaidndeibengcpasustdaprisihgr med

the alternate layers of the piezoelectric layers and the

internal electrodes; and

an internal electrode for conduction connected
to a common external electrode of said driving parts and

10 undivided by the grooves,

wherein a common electrode of said driving

parts is extended from said non—-driving parts.

13. The piezoelectric actuator as claimed in claim
15 12, wherein said internal electrode for conduction has a shape
substantially equal to a shape that one of the internal
electrodes of the alternate layers has before the alternate

layers are grooved.

20 14. The piezoelectric actuator as claimed in claim
12, wherein said internal electrode for conduction is formed

in a plurality of layers.

15. The piezoelectric actuator as claimed in claim

25 14, wherein each of the layers of said internal electrode for



in a plurality of layers. 15. The piezoelectric actuator as clainmed in
claim 25 14, wherein each of the layers of said internal electrode for WO
03/ 071612WB@3/031808/ 01261 -60 conduction has a shape substamtiped/digelequal to
a shape that one of the internal electrodes of the alternate | ayers has
before the alternate |ayers are gr60oved. 5 16. A piezoelectric actuator
conprising: a novable part; and a | ayered piezoelectric el enent deform ng

said novable part, the |ayered piezoelectric el.enen i.sing:....10 a
o1 U al |y BECERLOT = Bef 191 B By -G BOVELt 16 dr FoThg BTt ere
conprising alternate layers of piezoelectric layers and jnter

el ectrodes: theniskeyial PRITIGeEned Bie pdtie JPYERS b??gvgg?x%aid

driving parts, the non-driving parts conprising 15 the alternate |ayers of
t he pi ezoglecatiteenbayelayarsl atwe grpavednal el ectrodes; and an external
el ectrode for conduction connected to a common external electrode of said
driving parts, the external electrode for conduction being fornmed on a
surface of 20 the | ayered piezoelectric |ayer which surface is undivided by
the grooves, whereifga GOPMmLRheet:odedfusaird bvibang:
a movable part; and
a layered piezoelectric element deforming said
movable part,
the layered piezoelectric element comprising:
10 a plurality of driving parts divided by
grooves, the driving parts comprising alternate layers of
piezoelectric layers and internal electrodes;
non—driving parts formed at both ends of an
array of said driving parts, the non-driving parts comprising
15 +the alternate layers of the piezoelectric layers and the
internal electrodes; and
aﬁ external electrode for conduction connected
to a common external electrode of said driving parts, the
external electrode for conduction being formed on a surface of
20 the layered piezoelectric layer which surface is undivided by
the grooves,

wherein a common electrode of said driving

parts 1s extended from said non—driving parts.

25 17. A liquid droplet ejecting head comprising:



parts is extended fromsaid non-driving parts. 25 17. A liquid dropl et

ej ecting head conprising: WO 03/071612 PCT/JP03/01261 -61 a piezoelectric
act uat or woas®urilzi ng a |liquid chanmber comuni cating w t irCa/Jrez@mke so as
to eject a liquid droplet fromthe nozzle, the piezoelectric actuator
conprising a |layered piezoelectries®elenent, 5 the |ayered piezoelectric
el ement conprising: a plurality of driving parts divided by grooves, the

driving parts conprisi,ng alternate |ayers ' ctri.c. layers and

i nt er nal electrode§fF&ﬁ%oﬁgﬁggffgi?ﬁf%%%?%%%gfgggzgfﬁié%ngﬁég of an 10
array of said driving parts, the non-driving parts co i si.ng .the

al t er nat eheaper sCOMMENEC i@l EBL 7 ROF AV éﬁdtphﬁjggﬁt%r%ééulglectrodes,
wherein a common el ectrode of said driving parts is extended from said
non- dri vidrgppatt §romniche S zdgpathe aptez @Ot egERaBPT sSeiPdEiPng

parts, the nunber of said driving parts n, and a resistance R (52) between
sai d non-dniayeRgdppiésosiaddisfiy Blem8niX, 10-6/n/C. 18. A liquid droplet

ej ecting head conprising: 20 a piezoelectric actuator pressurizing a

liquigd chanber conppiGaidrag whkhod dzale cgemastt eompetding:l i quid
droplet fromthe nozzle, 'the piezoelectric actuator conprising a |ayered

piezoel ectric el ement, a plurality of driving parts divided by

grooves, the driving parts comprising alternate layers of
piezoelectric layers and internal electrodes; and
non-driving parts formed at both ends of an
10 array of said driving parts, the non—driving parts comprising
the alternate layers of the piezoelectric layers and the

internal electrodes,

wherein a common electrode of said driving
parts is extended from said non-driving parts; and
15 a capacitance C (F) of each of said driving
parts, the number of said driving parts n, and a resistance R

(Q) between said non-driving parts satisfy R < 8 X 107%/n/C.

18. A liquid droplet ejecting head comprising:

20 a piezoelectric actuator pressurizing a liquid
chamber communicating with a nozzle so as to eject a liquid
droplet from the nozzle, the piezoelectric actuator comprising
a layered piezoelectric element,

the layered piezoelectric element comprising:

25 a plurality of driving parts divided by



the | ayered piezoelectric elenent conprising: 25 a plurality of driving
parts divided by WO 03/071612 PCT/JP03/01261 -62 grooves, the driving
parts corppiogiongial ternate | ayers of piezoel ectric | ayer #Candod/aeer nal

el ectrodes; non-driving parts formed at both ends of an array of said
driving parts, the non-driving part$2eonprising 5 the alternate |ayers of
the piezoelectric layers and the internal electrodes; and an internal

el ectrode for conducti,on _connected to_a_c e nal ctrode of said
dri vi ng p%??%v%ﬁnfi n8F vV ded B th&G) Séééggn%ikﬁfﬁéﬂﬁ %ag%%%n%%n el ectrode
of said drivin parts_is extended fromsaid non-driving parts. 19. The
liqui d dreptracigedeicngaresd 2R drdistedli RLeCHLRRS8, wherein said internal
el ectrode for conduction has a 15 shape substantially equal to a shape
that one of the internal nehedrioihs mefrtshéoanedr phtloihmf®ds Rase@before the
alternate |ayers are grooved. 20. The liquid droplet ejecting head as
clai med i Arr2P of @andl8riwhes epartssi dhienhenndtielmrtpeodes tompromnth@tion is
formed in a plurality of layers. 21. The liquid droplet ejecting head as

clai med ipp.clAidp2Qe WhGESE a0l 9fickbelbayers Diy&al dndntrenal 25
el ectrode for conduction has a shape substantially equal to a
internal electrodes; and
an internal electrode for conduction connected
to a common external electrode of said driving parts and
undivided by the grooves,

10 wherein a common electrode of said driving

parts is extended from said non-driving parts.

19. The liquid droplet ejecting head as claimed in
claim 18, wherein said internal electrode for conduction has a
15 shape substantially equal to a shape that one of the internal
electrodes of the alternate layers has before the alternate

layers are grooved.

'20. The liquid droplet ejecting head as claimed in
20 claim 18, wherein said internal electrode for conduction is

formed in a plurality of layers.

21. The liquid droplet ejecting head as claimed in
claim 20, wherein each of the layers of said internal

25 electrode for conduction has a shape substantially equal to a



WO 03/071612 PCT/JP03/01261 -63 shape that one of the internal electrodes
of the alternate |ayers has before the alternate |ayers are grooved. 22. A
| i quid dreploa7sjiecti ng head conprising: 5 a piezoel ectriPCTAROIEARGIr
pressurizing a liquid chanmber communicating with a nozzle so as to eject a
liquid droplet fromthe nozzle, th&3-piezoelectric actuator conprising a

| ayered piezoel ectric el ement, the layered piezoelectric el ement

Compri Singy.od L@ PLULALE ¥, 071 (d N0 RBELSALY JEAAY 210k00ues, the

driving p conprising a ayers o pi ezoelectric layers and

internal electrqdes; non-drjvi ornmed at both ends of an array of
sai d dri viReTares, R8T RohE %r%ﬁ%%%f ﬁ?ygﬁﬁp?¥%i?ﬁfov ‘the alternate

| ayers of the piezoelectric layers and the internal electrodes; and an
external electrode for conduction connected to a comopn external electrode
of said driving parts, the external electrode for conduction being forned
on a surface of 20 2he |Aykreddidrpébtce]ectimydreashicompsiusinge is
undi vi ded by the grooves, wherein a common el ectrode of said driving
parts § s extended fpropisabsh sai-idy iavicngtparpsesAriZdngAn iLhkaj@t recording
apparatus conprising: WO 03/071612 PCT/JP03/ 01261
chamber communicating with a nozzle so as to eject a liguid
droplet from the nozzle, the piezoelectric actuator comprising
a layered piezoelectric element,
the layered piezoelectric element comprising:
10 a plurality of driving parts divided by
grooves, the driving parts comprising alternate layers of
piezoelectric layers and internal electrodes;
non—-driving parts formed at both ends of an
array of said driving parts, the non-driving parts comprising
15 +the alternate layers of the piezoelectric layers and the
internal electrodes; and
an external electrode for conduction connected
to a common external electrode of said driving parts, the
external electrode for conduction being formed on a surface of
20 the layered piezoelectric layer which surface is undivided by
the grooves,

wherein a common electrode of said driving

parts is extended from said non—-driving parts.

25 23. An ink-jet recording apparatus comprising:



-64 an ink-jet head ejecting an ink droplet, the ink-jet head conprising a

pi ezoel ectric actuator pressurizing a liquid chanber comrunicating with a

nozzl e sowoas/twiej ect the ink droplet fromthe nozzle, tRreTOPex@eélectric 5
actuator conprising a |layered piezoelectric elenent, the |ayered

pi ezoel ectric el enment conprising: -@4plurality of driving parts divided by

grooves, the driving parts conprising alternate |ayers of piezoelectric

| ayers and internal_el,ectrodes; _and. -dri.vin fornmed at both
ends of an array of" sal j&%ié?ﬁg %%%?%g%?ﬁb ﬁb%—gfpé?%g’parts conpri si ng

the alternate | ayers of the piezoelectric |ayers.and the interaE

el ectrodes, wherei n*B déﬁ%?ﬂﬁtepﬁégrﬁ‘a%p%]fs@:%y@ é’rlle\?Pﬁé;eCE%l%aarcf SRS
extended fromsaid non-driving parts; and a capacitance C (F)_ of each of

sai d dri\prepsuparisg & hbiquitbahagbesaramavh iGag sartding BAGZE8 r¥si st ance R
(S2) between said non-driving parts satisfy R<_ 8 X 10-6 /n/C. 20 24. An

i nk-j et reacadiengcappas atnis daniktsifmgn the nokzljet theadiepeetéeigrian i nk
droplet, the ink-jet head conprising a piezoelectric actuator pressurizing

a |iquid ghanher eenpunioal i Midhedapnezaétestriasllemenjtect the ink
droplet fromthe nozzle, the piezoelectric 25 actuator conprising a | ayered

pi ezoel ectric elene@ﬁe fg9é¥égoEl@;gefgg£§fpgﬁgé%§%.comprising:

a plurality of driving parts divided by
grooves, the driviﬁg parts comprising alternate layers of
piezoelectric layers and internal electrodes; and

10 non—-driving parts formed at both ends of an
array of said driving parts, the non-driving parts comprising
the alternate layers of the piezoelectric layers and the
internal electrodes,

wherein a common electrode of said driving

15 parts is extended from said non-driving parts; and

a capacitance C (F) of each of said driving

parts, the number of said driving parts n, and a resistance R

(Q) between said non-driving parts satisfy R < 8 X 107°/n/C.

20 24. An ink—jet recording apparatus comprising:
an ink-jet head ejecting an ink droplet,
the ink—jet head comprising a piezoelectric actuator
pressurizing a liquid chamber communicating with a nozzle so
as to eject the ink droplet from the nozzle, the piezoelectric

25 actuator comprising a layered piezoelectric element,



-65 the | ayered piezoelectric elenent conprising: a plurality of driving
parts divided by grooves, the driving parts conprising alternate |ayers of
pi ezoel ecwoios/ofwyers and i nternal el ectrodes; 5 non-drivi mgTpReyE2é10r med at
both ends of an array of said driving parts, the non-driving parts
conprising the alternate |ayers of-6tShe piezoelectric layers and the
internal electrodes; and an internal electrode for conduction connected 10

to a common external,el eatrode At sahdofridi SoRA $adssuadi vi ded by the

grooves, wherein a conmo ectro sai ving parts IS extended from
said non-driving parts. 15 55. The k§¥-'et.record'ng apparatus as cl ai ned
in claim?24, wherein saPdPrifathal é%??&&g-?%¥{%6%58%$¥€%Yhas a shape
substantially equal to a'shape that one of the internal el ectrodes of the
al t er nat egtegRes KRS PBELvERI (PRETH IOMRLE 1IN0 4§ e JrPY6¥EdCT20 26. The
ink-jet recording apparatus as clainmed in claim24, wherein said internal
el ect r odepfeorociandudti dayess dmi ned-dmmad plecareédgs of | ayers. 25 27. The
i nk-jet recording apparatus as clainmed in WO 03/071612 PCT/JP03/ 01261 -66
5 non—-driving parts formed at both ends of an
array of said driving parts, the non-driving parts comprising
the alternate layers of the piezoelectric layers and the
internal electrodes; and
an internal electrode for conduction connected
10 to a common external electrode of said driving parts and
undivided by the grooves,

wherein a common electrode of said driving

parts is extended from said non-driving parts.

15 25. The ink-jet recording apparatus as claimed in
claim 24, wherein said internal electrode for conduction has a
shape substantially equal to a shape that one of the internal
electrodes of the alternate layers has before the alternate
layers are grooved.

20

26. The ink-jet recording apparatus as claimed in
claim 24, wherein said internal electrode for conduction is

formed in a plurality of layers.

25 27. The ink-jet recording apparatus as claimed in



claim 26, wherein each of the layers of said internal electrode for
conduction has a shape substantially equal to a shape that one of the

i nternal wbasirwdes of the alternate |ayers has before tReTAPIZIRGE

| ayers are grooved. 5 28. An ink-jet recording apparatus conprising: an
i nk-jet head ejecting an ink dropl ebb-the ink-jet head conprising a

pi ezoel ectric actuator pressurizing an ink chanmber comunicating with a

nozzl e so_as to eject t [ .o r t he
piezoeleé?f?gl2%fug?%#§%%ﬁﬁgﬁéfﬁgtgelgég%%% {ﬁ25§¥3 ggﬁékgaélenent, t he

| ayered piezoel ectric el epent, conprising: a plyrality.of driving parts

di vi ded RS EFOHEs FOF neCHIYSAHTG part & Eﬂﬁ%‘?i%‘ﬁ?féa&tﬁéﬁﬂigt %qﬁl%&/e*%osq “f 15
pi ezoel ectric layers and internal electrodes; non-driving parts forned at
bot h endsstsfpaarthagr pag of S dn&eir@iaﬂngebaﬁ@d%@fn&ﬁ-ed@g*e?ﬁ@a‘b%rts
conprising the alternate |layers of the piezoelectric |ayers and the

i nternal Xeots ddesbefionk 2thamldererneal layercs rayge droovednduct i on connect ed
to a common external electrode of said driving parts, the externa

el ect sode for conduction being forned on a surface of the |ayered

pi ezoel ectric | ayer which surface is undivided by the grooves, 25 wherein

a common el ectrode of salf il vRgr¥03{ Ly Hoba rBehs I BORH Pl :
an ink-jet head ejecting an ink droplet,
the ink-jet head comprising a piezoelectric actuator
pressurizing an ink chamber communicating with a nozzle so as
10 to eject the ink droplet from the nozzle, the piezoelectric
actuator comprising a layered piezoelectric element,
the layered piezoelectric element comprising:
a plurality of driving parts divided by
grooves, the driving parts comprising alternate layers of
15 piezoelectric layers and internal electrodes;
non—-driving parts formed at both ends of an
array of said driving parts, the non-driving parts comprising
the alternate layers of the piezoelectric layers and the
internal electrodes; and
20 an external elgctrode for conduction connected
to a common external electrode of said driving parts, the
external electrode for conduction being formed on a surface of
the layered piezoelectric layer which surface is undivided by
the grooves,

25 wherein a common electrode of said driving



-67 parts is extended fromsaid non-driving parts. 29. An ink-jet recording
apparatus conprising: an ink-jet head, 5 the ink-jet head conprising a

| ayered pweadmimerric el enment pressurizing a |iquid chanpem/Jgm/@gét o ej ect
an ink droplet therefrom the |ayered piezoelectric elenent conprising: a
plurality of driving parts divided-6y- 10 grooves, the driving parts
conprising alternate |ayers of piezoelectric |layers and internal

SLESFLSdS%FF%ndfhsgﬂ%Q§ﬁ¥Hﬂgmp% AT Lgﬁqggléﬁxpg%ﬂ?%nds of an array of said

ri'ving parts conprisin e alternate |ayers of
t he piezoelectric layers and the 15 internal el ectrodes, wherein a conmon
el ectrode of said driving parts is extended fromsaid non-driving parts;
and. a difference between a tinme constant of a driving voltage applied to
the | ayered piezoel2ttrike nEmBAt rOEPTHY CRPETSEVEr PP 'of sai d
driving parts and a tinme constant of a driving voltage applied to the
| ayered piezoel ectan cird-greeenthend,a case of driving one of said driving
parts is smaller than or equal to 2 sec.

5 the ink-jet head comprising a layered plezoelectric
element pressurizing a liguid chamber so as to eject an ink
droplet therefrom,

the layered piezoelectric element comprising:
a plurality of driving parts divided by
10 grooves, the driving pérts comprising alternate layers of
piezoelectric layers and internal electrodes; and
non-driving parts formed at both ends of an
array of said driving parts, the non-driving parts comprising
the alternate layers of the piezoelectric layers and the

15 internal electrodes,

wherein a common electrode of said driving
parts is extended from said non-driving parts; and .

a difference between a time constant of a
driving voltage applied to the layered pilezoelectric element

20 in a case of driving all of said driving parts and a time

constant of a driving voltage applied to the layered

piezoelectric element in a case of driving one of said driving

parts is smaller than or equal to 2 Hsec.



